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(54) Photothermographic material 

(57) A photothermographic material is disclosed, 
comprising on a support a light sensitive layer contain- 
ing an organic silver salt, light sensitive silver halide 
grains and a solvent, wherein the organic silver salt 



comprises tabularorganic silver salt grains exhibiting an 
average needle ratio of not less than 1 .1 and less than 
1 0.0, the light sensitive silver halide grains having been 
subjected to chemical sensitization. 
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[0001] The present invention relates to photothermographic materials exhibiting enhanced sensitivity and superior 
storage stability and in particular to black-and-white photothermographic materials exhibiting enhanced sensitivity and 
superior storage stability of silver images after thermal development. 

BACKGROUND OF THE INVENTION 

[0002J In the field of medical treatment and graphic arts, there have been problems in working property with respect 
to effluents produced from wet-processing of image forming materials, and recently, reduction of the processing effluent 
is strongly demanded in terms of environmental protection and space saving. 

[0003] Accordingly, there are needed techniques regarding photothermographic materials for photographic use which 
are capable of forming black images exhibiting high sharpness, enabling efficient exposure by means of a laser imager 
or laser image setter. As one such a technique is known a thermally developable photosensitive material, which com- 
prises a support having thereon an organic silver salt, light-sensitive silver halide grains and a reducing agent as 
described in U.S. Patents 3,152,904 and 3,487,075; and D.H. Klosterboer, "Thermally Processed Silver Systems" 
(Imaging Processes and Materials, Neblette, 8th Edition, edited by J.M. Sturge, V. Walworth, and A. Shepp paqe 279 
20 1989), etc. 

[0004] One feature of the photothermographic material, which comprises a light sensitive layer containing silver 
hahde grains as a photo-sensor and an organic silver salt as a silver ion source and an incorporated reducing agent 
is that images are formed through thermal development at a temperature of 80 to 140° C, without further fixing To 
achieve not only a consistent supply of silver ions to the silver halide but also prevention of deterioration in transparency 
caused by light scattering, it has been attempted to improve the shape of organic silver salt particles so that the particles 
are optimally arranged in the light sensitive layer without disadvantageously affecting light scattering. 
[0005] However, in the photothermographic materials, image problems have still tended to occur because normal 
image formation is locally hindered due to the presence of silver halide and organic silver coagula. 
[0006] On the other hand, when silver halides or organic silver salts are forcibly disperse-pulverized by employing 
a homogenizer, problems occur in which fog increases, sensitivity decreases, leading to deteriorated image quality. 
Therefore, techniques have been demanded which are capable of yielding greater light sensitivity as well as higher 
density without an increase in the silver amount, while decreasing fogging. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, it is an object of the present invention to provide a thermally developable photothermographic 
material exhibiting enhanced sensitivity and reduced fogging caused after storage over a long period of time and also 
exhibiting superior stability silver images after thermal development, and an image forming process by the use thereof . 
[0008] The object of the invention can be accomplished by the following constitution: 

1) A photothermographic material comprising on a support a light sensitive layer containing an organic silver salt, 
light sensitive silver halide grains and a solvent, wherein the organic silver salt comprises tabular organic silver 
salt grains exhibiting an average needle ratio of not less than 1 . 1 and less than 1 0.0, the silver halide grains having 
been subjected to chemical sensitization 

2) a photothermographic material comprising a light sensitive layer containing an organic silver salt, a light sensitive 
silver halide and a solvent, wherein the organic silver sart comprises tabular grains exhibiting an aspect ratio of 
not less than 3 and an average needle ratio measured from the major face direction of not less than 1 .1 and less 
than 10.0; the silver halide being chemically sensitized; 

3) a photothermographic material comprising a support having thereon a light sensitive layer containing an organic 
silver salt, a light sensitive silver halide, a reducing agent and a binder , wherein when a cross section vertical to 
the surface of the support is electron-microscopical ly observed, not less than 70% of the total projected area of 
the organic silver salt particles is accounted for by organic silver salt particles having a particle projected area of 
less than 0.025 pre? and not more than 1 0% of the total projected area of the organic silver salt particles is ac- 
counted for by organic silver salt particles having a particle projected area of not less than 0.2 urn*; the silver halide 
being chemically sensitized; 

4) The photothermographic material described in 1 ), 2) or 3), wherein the light sensitive silver halide is subjected 
to chemical sensitization which is performed using an organic sensitizer containing a chalcogen atom in the ab- 
sence of an oxidizing agent during the process of manufacturing the photothermographic material, the silver halide 
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being mixed with the organic silver salt, dispersed, dewatered and dried. 
DETAILED DESCRIPTION OF THE INVENTION 

[0009] One of the preferred embodiments of the invention is that the light sensitive silver halide relating to this in- 
vention is subjected to chemical sensitization, which is achieved using an organic sensitizer containing a chalcogen 
atom in the absence of an oxidizing agent in the manufacturing process of the photothermographic material. 
[0010] The organic sensitizers containing a chalcogen atom include, for example, organic sensitizers having various 
structures, described in JP-A No 60-150046, 4-109240 and 11-218874 (hereinafter, the term, JP-A refers to an unex- 
amined, published Japanese Patent Application). 

[0011] Examples of atomic groups containing a group for promoting adsorption onto silver halide include an atomic 
group containing a mercapto group (e.g., mercaptooxadiazole, mercaptotetrazole, mercaptotriazole, mercaptodiazole, 
mercaptothiazole, mercaptothiadiazole, mercaptooxazole, mercaptoimidazole, mercaptobenzothiazole, mercaptoben- 
zoxazole, mercaptobenz imidazole, mercaptotetrazaindene, mercaptopyridyl, mercaptoquinolyl, 2-mercaptopyridyl, 
mercaptophenyl, mercapto naphthyl, etc.), an atomic group containing a thione group (e.g., thiazoline-2-thione, oxa- 
zoline-2-thione, imidazoline-2-thione, benzothiazoiine-2-thione, benzimidazoline-2-thione, thiazolidine-2-thion, etc.), 
an atomic group capable of forming an imino silver (e.g., triazole, tetrazole, benzotriazole, hydroxyazain dene, ben z- 
imidazole, indazole, etc.), and an atomic group containing an ethenyl group {e.g., 2-[N-(2-propynyl)amino]benzothia- 
zole, N-(propynyl)carbazole, etc.}. 

[0012] In this invention, the group for promoting adsorption onto silver halide is distinct from a labile chalcogen atom 
site. Thus, it is not a group capable of releasing a chalcogen atom to form a silver chalcogenide. 
[0013] In this invention, the compound containing a labile chalcogen atom site refers to a compound capable of 
forming a silver chalcogenide in the presence of silver nitrate. Further, the chalcogen atom means a sulfur atom, se- 
lenium atom or tellurium atom. 

[001 4] Examples of the atomic group containing a labile sulfur atom site include a thiourea group containing atominc 
group [e.g., N,N'-diethylthiourea, N-ethyl-N , -(2-thiazolyl)thiourea, N.N-dimethylthiourea, N-phenylthiourea, etc.], athio- 
amido group containing atomic group (e.g., thiobenzamide, thioacetoamide, etc.), an atomic group containing a 
polysulfide or phosphine sulfide group [e.g., bis(pentafluorophenyl)phenylphoshine sulfide, diethylphosphine sulfide, 
dimethylphenylphosphine sulfide, etc.], and a thioxoazolidinone group containing atomic group (e.g., ethylrhodanine! 
5-benzylidene-3-ethylrhodanine, 1 ,3-diphenyl-2-thiohydantoin, 3-ethyl-4-oxooxazolidine-2-thione, etc.). 
[0015] Examples of the atomic group containing a labile selenium atom site include a selenourea group containing 
atomic group [e.g., N.N-dimethylselenourea, selenourea, N-acetyl-N.N'-diethylselenourea, N-trifluoroacetyl-N'.N'- 
dimethylselenourea, N-ethyl-N'-(2-thiazolyl)selenourea, N,N'-diphenylselenourea, etc.], a selenoamido group contain- 
ing atmic group (e.g., N-methyl-selenobenzamide, N-phenyl-selenobenzamide, N-ethyl-selenobenzamide, etc.), a 
phosphine selenide group containing atomic group (e.g., triphenylphosphine selenide, 

diphenyl[pentafluorophenyl]phosphine selenide, trism-chlorophenyl)phosphine selenide, etc.], a selenophosphate 
group containing atomic group [tris(p-tolyl)selenophosphate, etc.], a seleno-ester group containing atomic group [e.g., 
p-methoxyselenobenzoic acid (=0) isopropyl ester, selenobenzoic acid (=Se)-3'-oxobutyl ester, p-methoxyselenoben- 
zoic acid (=Se)-3*-oxocyclohexyl ester, etc.], a selenide grou containing atomic group [e.g., bis(2,6-dimethoxybenzoyl) 
selenide, bis(n-butoxycarbonyl)selenide, bis(benzyloxycarbonyl)selenide, bis(N,N-dimethylcarbamoyl)selenide, etc.], 
triselenane group containing atomic group [2,4,6-tris(p-methoxyphenyl)triselenane, etc.], and a seleno ketone group 
containing atomic group (e.g., 4-methoxyselenoacetophenone, 4,4-methoxyselenobenzophenone, etc.). 
[0016] Examples of the atomic group containing a labile tellurium atom site include a phosphine telluride group con- 
taining atomic group (e.g., butyl-di-isopropylphosphine telluride, triscyclohexylphosphine telluride, etc.), a tellurourea 
group containing atomic group (e.g., N.N'-diethyl-N.N'-diethylenetellurourea, N.N'-dimethylene-N^'-dimethyltellurou- 
rea, etc.), a telluroamido group containing atomic group [e.g., N.N-dimetyl-telluroamide, N,N-tetramethylene-(p-tolyl) 
tellurophosphate, tributyltellurophosphate, etc.], and a teilurophosphoric amido group containing atomic group (e.g., 
hexamethylteliurophosphoric amide, etc.). 

[0017] In addition to the foregoing, atomic groups containing a labile selenium or tellurium site may be selected from 
the compounds described in JP-A Nos. 4-25832, 4-1 09240, 4-1 47250, 4-33043, 5-40324, 5-24332, 5-24333 5-3031 57 
5-306268, 6-27573, 6-43576, 6-75328, 6-17528, 6-180478, 6-17529, 6-208184, 6-208186, 6-317867 7-92599' 
7-98483, 7-104415, 7-140579, and 7-301880. 

[0018] The compound containing a group for promoting adsorption onto silver halide and a labile chalcogen atom 
site within the molecule is preferably a compound represented by the following formula(C): 
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wherein represents an atomic group containing a group for promoting adsorption onto silver halide; L 1 represents 
a bivalent linkage group; represents an atomic group containing a labile chalcogen atom site; W>, and W3 each 
represent a carboxylic acid group, a sulfonic acid group, sulfinic acid group, phosphoric acid group, phosphorous acid 
group or a boric acid group; ml is 0 or 1 ; n1 is an integer of 1 to 3; 11 , 12, and 13 each are an integer of 0 to 2 
[001 9] The bivalent linkage group represented by L' is a group comprised of a carbon atom, hydrogen atom, oxygen 
atom, nitrogen atom or a sulfur atom; exemplary examples thereof include an alkylene group having 1 to 20 carbon 
atoms (e.g., methylene, ethylene, propylene, hexylene), an arylene group (e.g., phenylene, naphthylene) -CONR,- 
-S0 2 NFy, -O-, -S-, -NR 3 -, -NR 4 CO-, -NR 5 S0 2 -, -NR 6 CONFV, -CO-O-, -O-CO-, -CO- and a combination of these 
groups, in which R,, R 2 , Rg, R 4 , R 5 , R 6 and R 7 each represents a hydrogen atom, an aliphatic group, alicyclic group 
an aromatic group or a heterocyclic group. The aliphatic group represented by R, through R 7 include an alkyl group 
(e.g., methyl, ethyl, isopropyl, 2-ethyl-hexyl, etc.9, an alkenyl group (e.g., propenyl, 3-pentenyl, 2-butenyl, cyclohexynyl 
etc.), an alkynyl group (e.g., propargyl. 3-pentynyl, etc.), and an aralkyl group (e.g., benzyl, phenethyl, etc.) The alicyclic 
groups include an alicyclic groups having 6 to 10 carbon atoms (e.g., cyclopentyl, cyclohexyl, etc.); the aromatic groups 
include a monocyclic groups having 5 to 8 carbon atoms and its condensed ring groups (e.g., phenyl naphthyl etc )• 
the heterocyclic groups include oxygen, sulfur or nitrogen containing, 5- to 7-membered monocyclic groups and'those 
which are condensed with another ring, such as furyl, thienyl, benzofuryl, pyrrolyl, indolyl, thiazolyl, imidazolyl mor- 
pholyl, piperadyl, and pyrazyl. The groups represented by R, through R 7 each may be substituted by any atom or 
group at any position. Examples of substituent atom or group include hydroxy group, a halogen atom (e g fluorine 
atom, chlorine atom, bromine atom, iodine atom), cyano group, an amino group (e.g., methylamino, anilino', diethyl- 
amino, 2-hydroxyethylamino), an acyl group (e.g., acetyl, benzoyl, propanoyl), a carbamoyl group e.g. carbamoyl N- 
methylcarbamoyl, N.N-tetramethylenecarbamoyl, N-methanesulfonylcarbamoyl, N-acetylcarbamoyl), an alkoxy group 
(e.g., methoxy, ethoxy, 2-hydroxyethoxy, 2-methoxyethoxy), an alkoxycarbonyl group (e.g., methoxycarbonyl ethoxy- 
carbonyl, 2-ethoxycarbonyl, 2-methoxyethoxy,carbonyl), a sulfonyl group (e.g., methanesulfonyl, trifluoromethanesul- 
fonyl, benzenesulfonyl, p-toluenesulfonyl), a sulfamoyl group (e.g., e.g., sulfamoyl, N,N-dimethylsulfamoyl, morpholino- 
sulfonyl, N-ethylsulfamoyl), an acylamino group (e.g., acetoamide, trifluoroacetoamide, benzamido, thienocarbo- 
nylamino, benzenesulfonamido), and an alkoxycarbonylamino group (methoxycarbonylamino, N-methyl-ethoxvcarb- 
onylamino). 

[0020] The carboxylic acid group, a sulfonic acid group, sulfinic acid group, phosphoric acid group, phosphorous 
acid group or a boric acid group represented by Wi , and W3 may be in the form of a free acid or may form a counter 
salt with an alkali metal, an alkaline earth metal, ammonium or an organic amine. 

[0021 J Examples of the compounds represented by formula (C) are shown below but are by no means limited to these 
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[0022] The amount of the chalcogen compound (i.e., chalcogen atom-containing compound) to be used is variable, 
depending of the kind thereof, silver halide grains and chemical sensitization environment but is preferably 1 0 B to 1 0-2 
and more preferably 10' 7 to 10" 3 mol per mol of silver halide. The chemical sensitization environment relating to this 
invention is not specifically limited, but the pAg is preferably 6 to 1 1 , and more preferably 7 to 1 0; the pH is preferably 
4 to 1 0, and more preferably 5 to 8, and the temperature is preferably 40 to 90° C, and more preferably 45 to 80° C. 
[0023] In one preferred embodiment of chemical sensitization relating to this invention, light sensitive silver halide 
is subjected to chemical sensitization, which is achieved using an organic sensitizer containing a chalcogen atom, 
substantially in the absence of an oxidizing agent during the process of manufacturing the photothermographic material! 
Herein, the expression "substantially in the absence of an oxidizing agent" means that the oxidizing agent is present 
in an amount exerting no effect on photographic performance or no oxidizing agent is present. This chemical sensiti- 
zation is different from chemical sensitization which is performed in the presence of an oxidizing agent such as pyrid- 
inium perbromide hydrobromide (or pyridinium bromide perbromide), as disclosed in U.S. Patent No. 5,891 ,615. Thus, 
the chemical sensitization relating to this invention is performed using an organic sensitizer containing a chalcogen 
atom under conditions in which an oxidizing agent is not concurrently present and in the subsequent process, an 
oxidizing agent may be added thereto for purposes other than sensitization, such as antifogging, in which addition of 
the oxidizing agent is controlled so that chemical sensitization is not additionally performed. The oxidizing agent relating 
to this invention refers to a compound capable of oxidizing a cluster comprised of one or more silver atoms or a silver 
chalcogenide. Examples of the compound having such a function include a nitrogen-containing heterocyclic compound 
hydrogen bromide salt, such as piridinium perbromide hydrobromide, as described in U.S. Patent No. 5,028,523, Eu- 
ropean Patent No. 460,826, and JP-A No. 4-232939; a halogen compound, such as 2-(tribromomethylsulfonyl)quino- 
line, as described in JP-A Nos. 50-12028 and 6-208193; and a compound capable of releasing a halogen atom, as 
described later. 

[0024] To add the oxidizing agent under such controlled conditions that the addition does not substantially cause 
any additional chemical sensitization, it is preferable to cause 100% of the organic sensitizer to react in the process 
of chemical sensitization or to remove the unreacted chemical sensitizer in the process of washing, cause the unreacted 
organic sensitizer to decompose with an oxidizing agent having no sensitizing effect, or to remove it in the subsequent 
process. 

[0025] Silver halide which is to be subjected to chemical sensitization may be formed in the presence of an organic 
silver salt, may be formed in the absence of an organic silver salt, or may be a mixture thereof. 
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[0026] As a reducing agent used in photothermographic materials are employed reducing agents containing a proton, 
such as bisphenols and sulfonamidophenols. Accordingly, a compound generating a labile species which is capable 
of abstracting a proton to deactivate the reducing agent is preferred. More preferred is a compound as a non-colored 
photooxidizing substance, which is capable of generating a free radical as a labile species on exposure. Any compound 
having such a function is applicable. However, a halogen radical, which easily forms silver halide is not preferred. An 
organic free radical composed of plural atoms is preferred. Any compound having such a function and exhibiting no 
adverse effect on the photothermographic material is usable irrespective of its structure. 

[0027] Of such free radical generation compounds, a compound containing an aromatic, and carbocyclic or hetero- 
cyclic group is preferred, which provides stability to the generated free radical so as to be in contact with the reducing 
agent for a period sufficient to react with the reducing agent to deactivate it. Representative examples of such com- 
pounds include biimidazolyl compounds and iodonium compounds. The imidazolyl compounds generate two imidazolyl 
radicals as a free radical upon exposure to ultraviolet or visible radiation, which are capable of oxidizing a reducing 
agent remaining after development, thereby inhibiting reduction of silver salts. It is surprising that the imidazolyl com- 
pound is photo-active and capable of oxidizing a reducing agent effective in heat-promoted reduction of a substantially 
non-photosensitive organic silver salt. 

[0028] Of such imidazolyl compounds, a compound represented by the following formula [1] is preferred: 



wherein R 1f R 2 and R 3 (,which may be the same or different) each are a hydrogen atom, an alkyl group (e.g., methyl, 
ethyl, hexyl), an alkenyl group (e.g., vinyl, allyl), an alkoxyl group (e.g., methoxy, ethoxy, octyloxy), an aryl group (e! 
g., phenyl, naphthyl, tolyl), hydroxy, a hydrogen atom, a halogen atom, an aryloxyl (e.g., phenoxy), an alkylthio group 
(e.g., methylthio, butylthio), an arylthio group (e.g., phenylthio), a heterocyclic group (e.g., pyridyl, triazyl), an acyl 
group (e.g., acetyl, propionyl, butylyl, valeryl), a sulfonyl group (e.g., methylsulfonyl, phenylsulfonyl), an acylamino 
group, sulfonylamino group, an acyloxy group (e.g., acetoxy, benzoxy), carboxy, cyano, a sulfo group, or an amino 
group. Of these groups are preferred an aryl group, a heterocyclic group, an alkenyl group and cyano group. 
[0029] The biimidazolyl compounds can be synthesized in accordance with the methods described in U.S. Patent 
3,734,733 and British Patent 1 ,271 ,1 77. Preferred Examples thereof are shown below. 



Formula [1] 
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[0030] Similarly preferred compounds include iodonium compounds represented by the following formula (2): 
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TUSL « « T P ° n6CeSSa,y t0 C ° mP,e,e 8 5 "' 6 -' ° r 7 " membered *0. and the atoms being selected from 
a carbon atom n.trogen atom, oxygen atom and sulfur atom; and R\ R2 and R3 (.which may be the same or different) 
are each a hydrogen atom, an alkyl group (e.g., methyl, ethyl, hexyl), an alkenyl group (e g., vinyl a.lyl) an aZS 
group (e.g., -e.hoxy ethoxy, octyloxy). an ary. W^.pl^n^^i^l^^^SirjS 
(e.g.. phenoxy , an alkylth,o group (e.g., methylthio, butylthio), an arylthio group (e.g.. phenylthio) an acy. group 
g., acety,, prop,ony., butyly., va.eryl), a sulfony. group (e.g., methylsuKonyl phenylsulfonyl), an acy Z^JZ 
tarytam.no group, an acyloxy group (e.g., acetoxy, benzoxy), carboxy, cyano, a sutfo g'oup, or^nTZo g^p Sf 

boTdedZ S 6 rh P r? < ; 8n ^ 9r0 o P> ^ a,keny ' 9r ° UP and ^ *■ * 2 

w s o „m „ T h h ° r ?T 9; R ^ 8 Carb0Xy ' ate gr0up Such as aceta,e - benzoate « trffluoroacetate, o?0" 

[0031] Of these is specifically preferred a compound represented by the following formula [3]: 
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Formula [3] 



R 3 



5 




wherein R 1 , R 2 , R 3 , R 4 , X" and W are each the same as defined in formula [2]; Y is a carbon (i.e., -CH=) to form a 
benzene ring or a nitrogen atom (-N=) to form a pyridine ring. 

[0032] The iodonium compounds described above can be synthesized in accordance with the methods described 
in Org. Syn., 1961 and Fieser, "Advanced Organic Chemistry" (Rein hold, N.Y., 1961). Examples of the suitable com- 
pounds are represented by the following general formulas. 
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Compound 
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C0 2 H 
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SO3H 
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1-14 
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CN 


C0 2 H 
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OCOCH3 
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1-16 


C0 2 H 
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(continued) 



Compound 


R1 


R2 


R3 


R* 
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OCOCH3 
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N 
N 
N 
N 



I-37 



N—N 

>-|±-OCOCH 3 



S 



(OCOCH3) 



I-38 



l^jC ° C0CH 3 (OCOCH 3 f 



[0033J The compound releasing a labile species other than a halogen atom, such as represented by formula [1 ] or 
[2] is incorporated preferably in an amount of 0.001 to 0.1 mol/m* and more preferably 0.005 to 0.05 moI/m2 The 
compound may be incorporated into any component layer of the photothermographic material relating to the invention 
and is preferably incorporated in the vicinity of a reducing agent. 

[0034J As a compound capable of deactivating a reducing agent to inhibit reduction of an organic silver salt to silver 
by the reducing agent are preferred compounds releasing a labile species other than a halogen atom However these 
compounds may be used in combination with a compound capable of releasing a halogen atom as a labile species 
The compound capable of releasing a halogen atom as a labile species is used preferably in an amount of 0 001 to 
0.1 mol/m2 and more preferably 0.005 to 0.05 mol/m*. Exemplary examples of the compound releasing an active 
halogen atom include a compound represented by the following formula [4J: 

Formula [4] 

n * 

Q-Y-C-X 2 
X 3 

wherein Q is an aryl group or a heterocyclic group; X 1 , X 2 and X 3 are each a hydrogen atom, a halogen atom, a haloalkyl 
group, an acyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, a sulfonyl group, an aryl group or a hetero- 
cychc group, provided that at least of them a halogen atom; Y is -C(=0)-, -SO- or -SO r . The aryl group represented 
by Q may be a monocyclic group or condensed ring group and is preferably a monocyclic or di-cyclic aryl group having 
6 to 30 carbon atoms (e.g., phenyl, naphthyl), more preferably a phenyl or naphthyl group, and still more preferaby a 
phenyl group. The heterocyclic group represented by Q is a 3- to 1 0-membered, saturated or unsaturated heterocyclic 
group containing at least one of N, O and S, which may be a monocyclic or condensed with another ring to a condensed 
ring. 

[0035] The heterocyclic group is preferably a 5- or 6-membered unsaturated heterocyclic group, which may be con- 
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densed, more preferably a 5- or 6-membered aromatic heterocyclic group, which may be condensed, still more pref- 
erably a N-containing 5- or 6-membered aromatic heterocyclic group, which may be condensed, and optimally a 5- or 
6-membered aromatic heterocyclic group containing one to four N atoms, which may be condensed. Exemplary ex- 
amples of heterocyclic rings included in the heterocyclic group include imidazole, pyrazole, pyridine, pyrimidine, pyra- 

5 zine, pyridazine, triazole, triazines, indole, indazole, purine, thiazole, oxadiazole, quinoline, phthalazine, naphthyridine, 
quinoxaline, quinazoline, cinnoline, pteridine, acrydine, phenanthroline, phenazine, tetrazole, thiazole, oxazole, ben- 
zimidazole, benzoxazole, benzthiazole, indolenine and tetrazaindene. Of these are preferred imidazole, pyridine, py- 
rimidine, pyrazine, pyridazine, triazole, triazines, thiadiazole, oxadiazole, quinoline, phthalazine, naphthylizine, qui- 
noxaline, quinazoline, cinnoline, tetrazole, thiazole, oxazole, benzimidazole, and tetrazaindene; more preferably imi- 

10 dazole, pyrimidine, pyridine, pyrazine, pyridazine, triazole, triazines, thiadiazole, quinoline, phthalazine, naphthyridine, 
quinoxaline, quinazoline, cinnoline, tetrazole, thiazole, benzimidazole, and benzthiazole; and still more preferably py- 
ridine, thiazole, quinoline and benzthiazole. 

[0036] The aryl group or heterocyclic group represented by Q may be substituted by a substituent, in addition to -Y- 
C(X«t) (X 2 ) (X 3 ). Preferred examples of the substituent include an alkyl group, an alkenyl group, an aryl group, an alkoxyl 

is group, an aryloxyl group, an acyloxy group, an acyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, an 
acyloxy group, an acylamino group, an alkoxycarbonylamino group, an aryloxycarbonylamino group, a sulfonylamino 
group, a sulfamoyl group, a carbamoyl group, a sulfonyl group, a ureido group, phosphoramido group, a halogen atom, 
cyano group, sulfo group, carboxy group, nitro group and heterocyclic group. Of these are preferred an alkyl group, 
an aryl group, an alkoxyl group, an aryloxyl group, an acy! group, an acylamino group, an aryloxyl group, acyl group, 

20 an acylamino group, an alkoxycarbonyl group, an aryloxycarbonylamino group, a sulfonylamino group, a sulfamoyl 
group, a carbamoyl group, a ureido group, phosphoramido group, a halogen atom, cyano group, nitro group, and a 
heterocyclic group; and more preferably an alkyl group, an aryl group, an alkoxyl group, an aryloxyl group, an acyl 
group, an acylamino group, a sulfonylamino group, a sulfamoyl group, a carbamoyl group, a halogen group, cyano 
group, nitro group and a heterocyclic group; and still more preferably an alkyl group, an aryl group and a halogen atom. 

25 [0037] X t , X 2 and X 3 are preferably a halogen atom, a haloalkyl group, an acyl group, an alkoxycarbonyl group, an 
aryloxycarbonyl group, a carbamoyl group, a sulfamoyl group, a sulfonyl group, and a heterocyclic group, more pref- 
erably a halogen atom, a haloalkyl group, an acyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, and a 
sulfonyl group; and still more preferably a halogen atom and trihalomethyl group; and most preferably a halogen atom. 
Of halogen atoms are preferably chlorine atom, bromine and iodine atom, and more preferably chlorine atom and 

30 bromine atom, and still more preferably bromine atom. Y is -C(=0)-, -SO-, and -S0 2 -, and preferably -S0 2 -. 
[0038] Exemplary examples of these compounds are shown below. 
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4—33 4—34 

C,H„(t) H 
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4-41 

N S0 2 CBr 3 




4-42 



(^j£Vs0 2 CBr 3 




4-47 



N-N 



JL L 
H 3 C-^ s ^S0 2 CBr 3 
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4-50 



4-51 



S0 2 CBr 3 




N-N 

^ N ^S0 2 CBr 3 
H 



4-52 



4-53 



J^jT >-SO a CBr 3 



N-N 

%^S0 2 CBr 3 




4-54 



4-55 




N=N 



H 3 C— ^^-S0 2 CBr 3 



-56 



4-57 



3l 



N ^S0 2 CBr 3 




CH a 



S0 2 CBr 3 



-58 
H 3 C 



S0 2 CBr 3 



4-59 



Br 3 C-S0 2 .— ^ ^— S0 2 CBr 3 
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[0039] These compounds are incorporated in an amount within a range such that increased formation of print-out 
silver produces substantially no problem, preferably in an amount of not more than 150%, and more preferably not 
more than 100% based on the compound releasing a labile species other than a halogen atom. As afore-mentioned 
these compounds deactivate a reducing agent included in the thermally developable light sensitive layer, enhancing 
storage stability of the photothermographic material. Reducing agents used in the photothermographic materials and 
capable of deactivating a free radical will be described. 

[0040] Reducing agents are incorporated into the photothermographic material of the present invention Examples 
of suitable reducing agents are described in U.S. Pat. Nos. 3,770,448, 3,773,512, and 3,593,863, and Research Dis- 
closure Items 17029 and 29963, and include the following: aminohydroxycycloalkenone compounds (for example, 
2-hydroxypiperidino-2-cyclohexane); esters of amino reductones as the precursor of reducing agents (for example 
piperidinohexose reducton monoacetate); N-hydroxyurea derivatives (for example, N-p-methylphenyl-N-hydroxyurea);' 
hydrazones of aldehydes or ketones (for example, anthracenealdehyde phenylhydrazone; phosphamidophenols; phos- 
phamidoamhnes; polyhydroxybenzenes (for example, hydroquinone, t-butylhydroquinone, isopropylhydroquinone, and 
(2 r 5-dihydroxy-phenyl)methylsulfone); sulfydroxamic acids (for example, benzenesulfhydroxamic acid); sulfonami- 
doanilines (for example, 4-(N-methanesulfonamide)aniline); 2-tetrazolylthiohydroquinones (for example, 2-methyl-5- 
(1-phenyl-5-tetrazolylthio)hydroquinone); tetrahydroquionoxalines (for example, 1 ,2,3,4-tetrahydroquinoxaline); ami- 
doxines; azines (for example, combinations of aliphatic carboxylic acid arylhydrazides with ascorbic acid); combinations 
of polyhydroxybenzenes and hydroxy lamines, reductones and/or hydrazine; hydroxamic acids; combinations of azines 
with sulfonamidophenols; a-cyanophenylacetic acid derivatives; combinations of bis-p-naphthol with 1 ,3-dihydroxy- 
benzene derivatives; 5-pyrazolones, sulfonamidophenol reducing agents, 2-phenylindane-1,3-dione, etc.; chroman- 
1 ,4-dihydropyridines (forexample, 2 > 6-dimethoxy-3,5-dicarboethoxy-1 ,4-dihydropyridine); bisphenols (for example bis 
(2-hydroxy-3-t-butyl-5-methylphenyl)methane, bis(6-hydroxy-m-tri)mesitol, 2,2-bis(4-hydroxy-3-methylphenyl)pro- 
pane, 4,5-ethylidene-bis(2-t-butyl-6-methyl)phenol, UV-sensitive ascorbic acid derivatives and 3-pyrazolidones. Of 
these, particularly preferred reducing agents are hindered phenols. 

As preferred hindered phenols, listed are compounds represented by the general formula (A) described below: 
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Formula (A) 




R" R" 



wherein R represents a hydrogen atom or an alkyl group having from 1 to 10 carbon atoms (for example, isopropyl, 
-C 4 H 9) 2.4,4-trimethylpentyJ), and R* and R" each represents an alkyl group having from 1 to 5 carbon atoms (for 
example, methyl, ethyl, t-butyl). 

[0041 J Exemplary examples of the compounds represented by the formula (A) are shown below. 



A-1 
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A-7 




C2H5 CaHs 



[0042] The used amount of reducing agents represented by the above-mentioned general formula (A) is preferably 
between 1 x 1 0" 2 and 1 0 moles, and is more preferably between 1 x 1 0* 2 and 1 .5 moles per mole of silver. 
[0043] The photothermographic material according to the invention contains a light sensitive silver halide and an 
organic silver salt. 

[0044] Light sensitive silver halide grains used in the invention will be described. Silver halide emulsions used in the 
invention can be prepared according to the methods described in P. Glafkides, Chimie Physique Photographique (pub- 
lished by Paul Montel Corp., 19679; G.F. Duffin, Photographic Emulsion Chemistry (published by Focal Press, 1966); 
V.L. Zelikman et al. , Making and Coating of Photographic Emulsion (published by Focal Press, 1 964). Any one of acidic 
precipitation, neutral precipitation and ammoniacal precipitation is applicable and the reaction mode of aqueous soluble 
silver salt and halide salt includes single jet addition, double jet addition and a combination thereof. Specifically, prep- 
aration of silver halide grains with controlling the grain formation condition, so-called controlled double-jet precipitation 
is preferred. The halide composition of silver halide is not specifically limited and may be any one of silver chloride, 
silver chtorobromide, silver iodochlorobromide, silver bromide, silver iodobromide and silver iodide. 
[0045] The grain formation process is usually classified into two stages of formation of silver halide seed crystal 
grains (nucleation) and grain growth. These stages may continuously be conducted, or nucleation (seed grain forma- 
tion) and grain growth may be separately performed. The controlled double-jet precipitation, in which grain formation 
is undergone with controlling grain forming conditions such as pAg and pH, is preferred to control the grain form or 
grain size. In cases when nucleation and grain growth are separately conducted, for example, a soluble silver salt and 
a soluble halide salt are homogeneously and promptly mixed in an aqueous gelatin solution to form nucleus grains 
(seed grains), thereafter, grain growth is performed by supplying soluble silver and halide salts, while being controlled 
at a pAg and pH to prepare silver halide grains. After completing the grain formation, the resulting silver halide grain 
emulsion is subjected to desalting to remove soluble salts by commonly known washing methods such as a noodle 
washing method, a flocculation method, a ultrafiltration method, or electrodia lysis to obtain desired emulsion grains. 
[0046] In order to minimize cloudiness after image formation and to obtain excellent image quality, the less the av- 
erage grain size, the more preferred, and the average grain size is preferably not more than 0.2 urn, more preferably 
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between 0.01 and 0.17 u.m, and still more preferably between 0.02 and 0.14 urn. The average grain size as described 
herein is defined as an average edge length of silver halide grains, in cases where they are so-called regular crystals 
in the form of cube or octahedron. Furthermore, in cases where grains are tabular grains, the grain size refers to the 
diameter of a circle having the same area as the projected area of the major faces. Furthermore, silver halide grains 
are preferably monodisperse grains. The monodisperse grains as described herein refer to grains having a coefficient 
of variation of grain size obtained by the formula described below of not more than 7%; more preferably not more than 
5%, still more preferably not more than 3%, and most preferably not more than 1%. 



Coefficient of variation of grain size (%) = standard 
deviation of grain diameter/average grain diameter x 
100 

[0047] The grain form includes cubic, octahedral or tetradecahedral grains, tabular grains, spherical grains, bar-like 
grains, and potato-shaped grains. Of these, cubic grains, octahedral grains, tetradecahedral grains and tabular grains 
are specifically preferred. 

[0048] The aspect ratio of tabular grains is preferably 2 to 1 00, and more preferably 3 to 50. These grains are de- 
scribed in U.S. Patent 5,264,337, 5,314,798 and 5,320,958 and desired tabular grains can be readily obtained. Silver 
halide grains having rounded corners are also preferably employed. 

[0049] The silver halide grain shape is not specifically limited, but a high ratio accounted for by a Miller index [100] 
plane is preferred. This ratio is preferably at least 50%; is more preferably at least 70%, and is most preferably at least 
80%. The ratio accounted for by the Miller index [1 00] face can be obtained based on T. Tani, J. Imaging Sci., 29, 1 65 
(1985) in which adsorption dependency of a [111] face or a [100] face is utilized. 

[0050] It is preferred to use low molecular gelatin having an average molecular weight of not more than 50,000 in 
the preparation of silver halide grains used in the invention, specifically, in the stage of nucleation. Thus, the low mo- 
lecular gelatin has an average molecular eight of not more than 50,000, preferably 2,000 to 40,000, and more preferably 
5,000 to 25,000. The average molecular weight can be determined by means of gel permeation chromatography. The 
low molecular gelatin can be obtained by subjecting an aqueous gelatin conventionally used and having an average 
molecular weight of ca. 100,000 to enzymatic hydrolysis, acid or alkali hydrolysis, thermal degradation at atmospheric 
pressure or under high pressure or ultrasonic degradation. 

[0051] The concentration of dispersion medium used in the nucleation stage is preferably not more than 5% by 
weight, and more preferably 0.05 to 3.0% by weight. 

[0052] In the preparation of silver halide grains, it is preferred to use a compound represent by the following formula 
[5], specifically in the nucleation stage: 



Formula [5] 

YO(CH 2 CH 2 0)m(C(CH 3 )HCH 2 0)p(CH 2 CH 2 0)nY 

wherein Y is a hydrogen atom, -S0 3 M or -CO-B-COOM, in which M is a hydrogen atom, alkali metal atom, ammonium 
group or ammonium group substituted by an alkyl group having carbon atoms of not more than 5, and B is a chained 
or cyclic group forming an organic dibasic acid; m and n each are 0 to 50; and p is 1 to 1 00. The compound represented 
by formula [5] has been employed as a defoaming agent to inhibit marked foaming occurred when stirring or moving 
emulsion raw materials, specifically in the stage of preparing an aqueous gelatin solution, adding a water-soluble silver 
and halide salts to the aqueous gelatin solution or coating an emulsion on a support during the process of preparing 
silver halide photographic light sensitive materials. A technique of using these compounds as a defoaming agent is 
described in JP-A 44-9497. The compound represented by formula [5] also functions as a defoaming agent during 
nucleation. ~ 

[0053] The compound represented by formula [5] is used preferably in an amount of not more than 1%, and more 
preferably 0.01 to 0.1% by weight, based on silver. The compound is to be present at the stage of nucleation, and may 
be added to a dispersing medium priorto or during nucleation. Alternatively, the compound may be added to an aqueous 
silver salt solution or halide solution used for nucleation. It is preferred to add it to a halide solution or both silver salt 
and halide solutions in an amount of 0.01 to 2.0% by weight. It is also preferred to make the compound represented 
by formula [5] present over a period of at least 50% (more preferably, at least 70%)of the nucleation stage. The com- 
pound may be added in the form of powder or solution using a solvent such as methanol. Representative examples 
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of the compound represented by formula [5] are shown below, but are not limited to these. 

E-1 

HO(CH 2 CH 2 0) m (C(CH 3 )HCH 2 0) 19e (CH 2 CH 2 0) n H 
(m+n = 9.77) 

E-2 

Na0 2 C(CH 2 )OCO(CH 2 eH 2 0) m (C(CH 3 )HCH 2 0) 17 (CH 2 CH 2 0) n CO(CH 2 ) 2 C0 2 Na 

(m+n = 5.7) 

E-3 

K0 2 CCH=CHCOO(CH 2 CH 2 0) m (C(CH 3 )HCH 2 0) 342 (CH 2 CH 2 0) n COCH=CHC0 2 K 

(m+n = 8.5) 

E-4 

Na0 3 SO(C(CH 3 )HCH 2 0) 17 S0 3 Na 

E-5 

^ = ^COO(CH 2 CH 2 O) m 4cHCH 2 o)3 0 -(CH 2 CHjO) n -CO--^\ 

(m+n=12) 

E-6 

OCOCH 3 OCOCHs CH 3 
H 4 N0 2 C-CH CHCOO(CH 2 CH 2 0) m -(-CHCH 2 0)6. 6 (CH 2 CH 2 0) n — 



— CO-CH -CHC0 2 NH 4 

OCOCH3 OCOCH3 (m+n=22) 



[0054] The temperature during the stage of nucleation is preferably 5 to 60° C, and more preferably 15 to 50° C. 
Even when nucleation is conducted at a constant temperature, in a temperature-increasing pattern (e.g., in such a 
manner that nucleation starts at 25° C and the temperature is gradually increased to reach 40° C at the time of com- 
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™i« of ™ cleation > or fts reverse P attern . » « preferred to control the temperature within the range described above 
[0055] S.lver salt and halide salt solutions used for nucleation are preferably in a concentration of not more than 
3.5N, and more preferably 0.01 to 2.5N. The flow rate of aqueous silver salt solution is preferably 1 5x1 0* to 3 0x1 0" ' 
mol/m.n per lit. of the solution, and more preferably 3.0x1 0-3 to 8.0x1 0-2 m otoin. per lit. of the solution. The pH durina 
nucleat.cn is within a range of 1 .7 to 1 0, and since the P H at the alkaline side broadens the grain size distribution the 
™« P \ 2 10 6 7116 pBr during nuclea,ion is 0 °5 «° 3 0, preferably 1 .0 to 2.5, and more preferabfc 1 .5 to 2 0 
[0056 S.lver halide may be incorporated into an image forming layer by any means, in which silver halide is arranged 
so as to be as close to reducible silver source as possible. It is general that silver halide, which has been prepared in 
advance, added to a solution used for preparing an organic silver salt. In this case, preparation of silver halide and 
that of an organic silver salt are separately performed, making it easier to control the preparation thereof. Alternatively, 
as descnbed in British Patent 1,447,454, silver halide and an organic silver salt can be simultaneously formed by 
al owing a hal.de component to be present together with an organte silver salt-forming component and by introducing 
silver ions thereto. * 

[0057] Silver halide can also be prepared by reacting a halogen containing compound with an organic silver salt 
through conversion of the organic silver salt. Thus, a silver halide-forming component is allowed to act onto a preformed 
organic silver salt solution or dispersion or a sheet material containing an organic silver salt to convert a part of the 
organic s.lver salt to light sensitive silver halide. The thus formed silver halide is effectively in contact with the organic 
silver salt, exh.biting favorable actions. In this case, the silver halide-forming component refers to a compound capable 
of forming silver salt upon reaction with the organic silver salt. Such a compound can be distinguished by the following 
simple test. Thus, a compound to be tested is to be mixed with the organic silver salt, and if necessary, the presence 
of a specific peak in silver halide can be confirmed by the X-ray diffractometry, after heating. Compounds that have 
been confirmed to be effective as a silver halide-forming component include inorganic halide compounds, onium hal- 
ides,halogenatedhydrocarbons, N-halogen compounds and other halogen containing compounds. These compounds 

« otl 3 !^ 1 4 ' 009 ' 039 ' 3 - 457 ' 075 and 4,003,749, British Patent 1,498,956 and JP-A 53-27027 and 
53-25420. Exemplary examples thereof are shown below: 

(1) Inorganic halide compound: e.g., a halide compound represented by formula, MXn, in which M represents H 

? V m T at ° m ; " iS 1 Whe " M iS H ° f NH4 and 3 number e 9 uiva| ent to a valence number of the metal atom 
when M is the metal atom; the metal atom includes lithium, sodium, potassium, cesium, magnesium, calcium 
strontium, banum zinc, cadmium, mercury, tin, antimony, chromium, manganese, cobalt, rhodium, and cerium' 
and molecular halogen such as aqueous bromine being also effective; 

(2) Onium halide: e.g., quaternary ammonium halides such as trimet'hylphenylammonium bromide, cetylethyld- 
.methylammon.um bromide, and trimethylbenzylammonium bromide; and tertiary sulfonium halides such as tri- 
methylsulfonium iod.de; 

!!! " alo ? ena,ed h y dr °c a *ons: e.g., iodoform, bromoform, carbon tetrachloride and 2-brom-2-methylpropane- 

(4) N-haogeno compounds: e.g., N-chlorosuccinimide, N-bromosucciimde, N-bromophthalimide. N-bromoacetoa- 
rn.de N-iodosuccinimide, N-bromophthalazinone, N-bromooxazolinone, N-chlorophthalazinone, N-bromoace- 
toanilide, N.N-d.bromobenzenesulfonamide, N-bromo-N-methylbenzenesulfonamide, 1 ,3-dibromo-4,4-dimethyl- 
nydantoin and N-bromourazole; 

(5) Other halogen containing compounds: e.g., triphenylmethyl chloride, triphenylmethyl bromide 2-bromoacetic 
acid, 2-bromoethanol and dichlorobenzophenone. 

[0058] The silver halide forming components may be used in combination. As described above, although silver halide 

^^Tfn y C ° n . Vertin9 , aPart0ral1 ° f 3n 0^0 silver salt to silver halide through reaction of the organic silver 
salt and a hahde ion ,t .s preferredto use silver halide separate* prepared which can be easily controlled with respect 
to gram size or gram orm. The silver halide separately prepared may be used in combination with silver halide prepared 
by conversion of at least apart of an organic silver saft. The silver halide which is separately prepared or prepared 

n n,? n C r V T'° n T ^ iS preferably ln an amount of 0 001 to 0 7 mol, and more preferabfc 

0.03 to 0.5 mol per mol of organic silver salt. 

[0059] Silver halide preferably occludes ions of metals belonging to Groups 6 to 1 1 of the Periodic Table. Preferred 

hai Lf iT?h f ^ I • ', Ni ' CU ' RU ' Rh> Pd ' Re ' 0S ' lr ' R and Au These metals ma V be '"^"oed into silver 
hahde ,n the form of a complex. In the present invention, regarding the transition metal complexes, six-coordinate 
complexes represented by the general formula described below are preferred: 

Formula: (MLg) m : 

wherein M represents a transition metal selected from elements in Groups 6 to 1 1 of the Periodic Table; L represents 
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a coordinating ligand; and m represents 0, 1-, 2-, 3- or 4-. 

[0060] Exemplary examples of the ligand represented by L include halides (fluoride, chloride, bromide, and iodide), 
cyanide, cyanato, thiocyanato, selenocyanato.tellurocyanato, azidoand aquo, nitrosyl, thionitrosyl, etc., of which aquo, 
nitrosyl and thionitrosyl are preferred. When the aquo ligand is present, one or two ligands are preferably coordinated. 
L may be the same or different. 

[0061] Exemplary examples of transition metal ligand complexes are shown below. 
1: 

[RhCy 3 * 

2: 

[Rucy 3 - 

3: 

[Recy 3 - 

4: 

[RuBr/ 

5: 

[Oscy 3 " 

6: 

[Crcy 4 - 

7: 

[ircy 4 " 

8: 

[ircy 3 - 

9: 

[Ru(NO)CI 5 ] 2 " 

10: 

[RuBr 4 (H 2 0)f 

11: 
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12: 



13: 



14: 



15: 



16: 



17: 



18: 



19: 



20: 



21: 



22: 



EP 1 132 767 A2 

[Ru(NO) (H 2 0)CI 4 ]' 



[RhCI 5 (H 2 0)) 2 " 



[Re(NO)CI 5 ] 2 " 



[Re(NO)(CN) 5 ] 2 * 



[Re(NO)CI(CN) 4 ] 2 " 



[Rh(NO) 2 CI 4 r 



[Rh(NO)(H 2 0)CI 4 ]* 



[Ru(NO)(CN) 5 ] 2 * 



[FeCCNy 3 - 



[Rh(NS)CI 5 ] 2 ' 



[Os(NO)CI 5 ] 2 " 



[Cr(NO)CI 5 ] 2 * 
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23: 
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[Re(NO)CI 5 r 

5 

24: 



[Os(NS)CI 4 (TeCN)] 2 ~ 

10 

25: 



[Ru(NS)CI 5 ] 2 * 

15 

26: 

[Re(NS)CI 4 (SeCN)] 2 ' 

27: 

[Os(NS)CI(SCN) 4 ] 2 ' 

25 

28: 

[lr(NO)CI 5 ] 2 - 

30 

[0062] With regard to cobalt or iron compounds, hexacyano cobalt or iron complexes are preferably used and ex- 
emplary examples thereof are shown below: 

29: ' 

35 

[Fe(CU) s f 

30: 

40 

[Fe(CN) 6 f 

31: 

45 

[CotCM^] 3 - 

[0063] Compounds, which provide these meta! ions or complex ions, are preferably incorporated into silver halide 
so grains through addition during the silver halide grain formation. These may be added during any preparation stage of 
the silver halide grains, that is, before or after nuclei formation, growth, physical ripening, and chemical ripening. How- 
ever, these are preferably added at the stage of nuclei formation, growth, and physical ripening; furthermore, are pref- 
erably added at the stage of nuclei formation and growth; and are most preferably added at the stage of nuclei formation. 
These compounds may be added several times by dividing the added amount. Uniform content in the interior of a silver 
55 halide grain can be carried out. As disclosed in JP-A No. 63-29603, 2-306236, 3-1 67545, 4-76534, 6-1 1 0146, 5-273683, 
the metal can be distributive^ occluded in the interior of the grain. 

[0064] These metal compounds can be dissolved in water or a suitable organic solvent (for example, alcohols, ethers, 
glycols, ketones, esters, amides, etc.) and then added. Furthermore, there are methods in which, for example, an 
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aqueous metal compound powder solution or an aqueous solution in which a metal compound is dissolved along with 
NaCI and KCI is added to a water-soluble silver salt solution during grain formation or to a water-soluble halide solution; 
when a silver salt solution and a halide solution are simultaneously added, a metal compound is added as a third 
solution to form silver halide grains, while simultaneously mixing three solutions; during grain formation, an aqueous 
solution comprising the necessary amount of a metal compound is placed in a reaction vessel; or during silver halide 
preparation, dissolution is carried out by the addition of other silver halide grains previously doped with metal ions or 
complex ions. Specifically, the preferred method is one in which an aquebus metal compound powder solution or an 
aqueous solution in which a metal compound is dissolved along with NaCI and KCI is added to a water-soluble halide 
solution. When the addition is carried out onto grain surfaces, an aqueous solution comprising the necessary amount 
of a metal compound can be placed in a reaction vessel immediately after grain formation, or during physical ripening 
or at the completion thereof or during chemical ripening. 

[0065] Silver halide grain emulsions used in the invention may be desalted after the grain formation, using the meth- 
ods known in the art, such as the noodle washing method and flocculation process. 

[0066] The light sensitive silver halide grains used in the invention is chemically sensitized with not only the foregoing 
chalcogen atom-containing organic sensitizer, but also by the commonly known chemical sensitization such as noble 
metal sensitization and reduction sensitization. These sensitization may be employed in combination. 
[0067] Examples of the compounds used in the noble metal sensitization include chloroauric acid, potassium chlo- 
roaurate, potassium aurothiocyanate, gold sulfide, gold selenide, compounds described U.S. Patent No. 2,448,060 
and British Patent No. 61 8,061 . Examples of the compounds used in the reduction sensitization include ascorbic acid, 
thiourea dioxide, stannous chloride, aminoiminomethane-sulfinic acid, hydrazine derivatives, borane compounds, si- 
lane compounds and polyamine compounds. The reduction sensitization can be carried out by ripening an emulsion 
with keeping the pH and pAg at not less than 7 and not more than 8.3, respectively. 

[0068] Silver halide used in the invention is preferably spectral-sensitized by allowing a sensitizing dye to adsorb 
onto the silver halide. Spectral sensitizing dues usable in the invention include cyanine dyes, merocyanine dyes, com- 
plex cyanine dyes, complex merocyanine dyes, holopolar cyanine dyes, styryl dyes, hemi-cyanine dyes, oxono'l dyes 
and hemi-oxonol dyes, as described in JP-A 63-159841, 60-140335, 63-231437, 63-259651, 63-304242, and 
63-1 5245; U.S. Patent 4,639,41 4, 4,740,455, 4,741 ,966, 4,751 ,1 75 and 4,835,096. Useful sensitizing dyes used in the 
invention are also described in RD1 7643, sect. IV-A (December, 1 978, page 23) and RD1 8431 sect. IX (August, 1 978, 
page 437). It is specifically preferred to use sensitizing dyes exhibiting spectral sensitivity suited for spectral charac- 
teristics of light sources used in a laser imager or a scanner, as described in JP-A 9-34078, 9-54409 and 9-80679. 
[0069] Useful cyanine dyes are those which contain a basic nucleus, such as a thiazoline nucleus, oxazoline nucleus, 
pyrroline nucleus, pyridine nucleus, oxazole nucleus, thiazole nucleus, selenazole nucleus and imidazole nucleus! 
Useful preferred merocyanine dyes include acidic nuclei such as a thiohydantoin nucleus, rhodanine nucleus, oxazo- 
lidinedione nucleus, thiazolinedione nucleus, barbituric acid nucleus, thiazolinone nucleus, malononirile nucleus and 
pyrazolone nucleus, as well as basic nuclei described above. 

[0070] It is specifically preferred to use sensitizing dyes exhibiting sensitivity to the infrared region. Examples of 
preferred infrared sensitizing dyes used in the invention include those described in U.S. Patent 4 536 473 4 515 888 
and 4,959,294. 

[0071 ] Specifically, preferred sensitizing dyes are dyes represented by the following formulas (1 ) to (4): 
Formula (SI) 




W 2 



W 4 



1 



(0) P1 / CH 2 



(Xi)„ 
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Formula (S2) 




n22 



( X 2l)l21 



Formula (S4) 



W 32 




rt32 



[0072] In formulas (S1 ) to (S4) , Y 1 , Y 2 , Y„ , Y 21 , Y^ and Y 31 each are independently an oxygen atom, a sulfur atom, 
a selenium atom, -C(Ra)(Rb)- group or -CH=CH~ group, in which Ra and Rb each are a hydrogen atom, an alkyl group 
(preferably having 1 to 5 carbon atoms) or a non-metallic atom group necessary to form an aliphatic spiro ring; Z, is 
a non-metallic atom group necessary to form a 5- or 6-membered ring; R^ R 11p R 21 , R^,, R 31 and R 32 each are an 
aliphatic group or a non-metallic atom group necessary to form a condensed ring between R 1 and W 3 or between R ni 
and W 14 ; Rc and Rd each are independently an unsubstituted lower alkyl group, a cycloalkyl group, an aralkyl group 
an aryl group or a heterocyclic group; W 1( W 2 , W 3 , W 4 , W^, W 12 , W 13 , W u , W 21 , W^, W^, W 24 , W 31 , W^, W 33 and 
each are independently a hydrogen atom, a substituent or a non-metallic atom group necessary to form a con- 
densed ring by bonding between W A and W 2 , W t1 and W 12 , W 21 and W^, and W 24 , W 31 and W^, or and 
W^; V 1 to V 9> V t1 to V 13 , V 21 to V^, and V 31 to V 33 each are independently a hydrogen atom, a halogen atom, an 
amino group, an alkylthio group, an arylthio group, a lower alkyl group, a lower alkoxy group, an aryl group, an aryloxy 
group, a heterocyclic group or a non-metallic atom group necessary to form a 5- to 7-membered ring by bonding 
between V 1 and V 3 , V 2 and V 4 , V 3 and V 5 , V 2 and V 6 , V 5 and V 7 , V 6 and V 8 , V 7 and V 9 , V„ and V 13 , V 21 and V^, V 22 
and V 24 , and V 25 , V 24 and V 26 , V 25 and V 27 , and V^, V 27 and V^, or V 31 and V^; X 21 and X 31 , provided that 
at least one of V, to V 9 and at least one of V„ to V 13 are a group other than a hydrogen atom; X,, X 11( X 21 and X 31 
each are an ion necessary to compensate for an intramolecular charge; 11 , 111 , 121 and 131 each an ion necessary to 
compensate for an intramolecular charge; k1 , k2, k31 and k32 each are 0 or 1 ; n21 , n22, n31 and n32 each are 0, 1 
or 2;, provided that n1 and n22, and n31 and n32 are not 0 at the same time; p1 and p11 are each 0 or 1 ; q1 and q11 
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^Tofl^^! n ^ m0tP ' andq1 andthesumof P 11 a "dq11 each a rc respectively not more than 2. 
ferred- 3 C ° mp0und re P rese nted "y the following formula (S1-1) or (S2-1) is more pre- 




(O)p, / CH * 
^CHR)q 1 



(X,),, 



V 9 



Formula (S2-1) 




(0)p 11y /-"» 

(CHR)q 1l ( Xl1 ) m 



rrH ,n rM Y " ^ - Y " K ea ! h D are independentl V an °*yg en -tan. a sulfur atom, a selenium atom, -C(Ra)(Rb)- group 
or -CH=CH- group, ,n wh.ch Ra and Rb each are a hydrogen atom, a lower alkyl group or an atomic group necessaW 

5 ormlt^'r n9 h W H en ^ and Rb ""^ ^ ^ ° ther; Z 1 a " atomic «W nJSSyTZ? 
5- or 6-membered nng; R ,s a hydrogen atom, a lower alkyl, a cycloalkyl group, an aralkyl group, a lower alkoxy group 

T^IT^T^Z " 3 ha '° gen at ° m: W " W * W » W * W »' *• W " W 14 each are inde^T* 
W andW and W R * fcnn 3 cond — d'ring by bonding'between 

rinn 2 ! L 1 l „ J 2 ' 1 nd R " are eaCh a " aliphatic group or a "on-metallic atom group necessary to form 

me? n Tol X 25! r^iT" 1 R1 W3 " R " Snd W,<; L1 10 ^ and 10 L « each are independent 
meth.ne group, X, and X„ each are an ion necessary to compensate for an intramolecular charge' 11 and 11 1 each an 

lE/lET? T'T ? a " intramolecular cna ^ XI and k2 each are 0 or 1 ; p1 and pi are each 0 orT qj 

morethan 2 " ' ^ " P1 " 1 Bnd the SUm ° f p11 and ea <* are lively not 

i^d;, (t>i-i), (S2-1), (S3), and (S4) will be explained below. 
[0075J "TneS-^e-memberedcondensedrlngscompletedbyanatomicgrouprepresentedby^includeacondensed 

zoTe J„ n he „, 9 " hT ^ e r amP,SS thefe0f inC ' Ude 9 benzoxa2 ° ,e ri n9. tetrahydrobenzoxazole ring, naphthooxa 
I 2 ben2one Pnthooxa2ole ring, benzothiazole ring, tetrahydrobenzothiazole ring, naphthothiazole ring ben- 
zonaphthoth.azole nng; thienothiazole ring, thianaphthenothiazole ring, pyridothiazole ring, benzoseSol ring tet- 
ahydrobenzoselenazole ring, naphthoselenazole ring, benzonaphthoselenazole ring, quinoline ring 3™ ialkvHndo 
lenrne and 3,3-dia.kylpyndopyrroline. Any substituent such as one represented by ^TSZiJJi^t 
substituted on the ring described above. 4 uescnDea Iaier 080 De 

S ^P' 65 ° f *• al i pna ! ic aroup re P resenta dbyR 1 ,R 11 ,R 21 ,R a ,R 31 ,andR3 2 includeabranchedorstraight- 
chamed alkyl group having 1 to 1 0 carbon atoms (e.g., methy., ethyl, propyl, butyl, pentyl, i-pentyl, 2-ethyl-hexy oS 

? mil ,t r , 9 Th P T 3 10 10 C8rb0n at ° mS (e ' 9 - 2 - propen y | - 1-methyl-3 propenj., £3 

1-methyW-butenyl, 4-hexenyl), and an aralkyl group having 7 to 10 carbon atoms (e.g., benzyl phenethyl) These 
groups may further be substituted with a substituent, induding groups such as a lower alkyl groTp fpreS J h^ng 
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1 to 5 carbon atoms, e.g., methyl, ethyl, propyl), a halogen atom (e.g., fluorine atom, chlorine atom, or bromine atom), 
a vinyl group, an aryl group (e.g., phenyl, p-tolyl, p-bromophenyl), trifluoromethyl, an alkoxyl group (e.g., methoxy, 
ethoxy, methoxy ethoxy), an aryloxyl group (e.g., phenoxy, p-tolyloxy), cyano, a sulfonyl group (e.g., methanesulfonyl, 
trifluoromethansulfonyl), p-toluenesulfonyl), an alkoxycarbonyl group (e.g., ethoxycarbonyl, butoxycarbonyl), an amino 
group (e.g., amino, biscarboxymethylamino), an aryl group (e.g., phenyl, carboxyphenyl), a heterocyclic group (e.g., 
tetrahydrofurfuryl, 2-pyrrolidinone-1-yl), an acyl group (e.g., acetyl, benzoyl), an ureido group (e.g., ureido, 3-methyl- 
ureido, 3-phenylureido), a thioureido group (e.g., thioureido, 3-methylthioureido), an alkylthio group (e.g., methylthio, 
ethylthio), an arylthio group (e.g., phenylthio), a heterocyclic-thio group (e.g., 2-thienythio, 3-thienyfthio, 2-imidazolylth- 
io), a carbonyloxy group (e.g., acetyloxy, propanoyloxy, benzoyloxy), an acylamino group (e.g., acetylamino, ben- 
zoylamino); and hydrophiiic groups, such as a sulfo group, a carboxy group, a phosphono group, a sulfate group, 
hydroxy, mercapto, sulfino group, a carbamoyl group (e.g., carbamoyl, n-methylcarbamoyl, N,N-tetramethylenecar- 
bamoyl), a sulfamoyl group (e.g., sulfamoyl, N,N-3-oxapentamethylenaminosulfonyl), a sulfonamido group (e.g., meth- 
anesulfonamido, butanesulfoneamido), a sulfonylaminocarbonyl group(e.g., methanesulfonylaminocarbonyl, 
ethanesulfonylaminocarbonyl), an acylaminosulfonyl group (e.g., acetoamidosulfonyl, methoxyacetoamidosulfonyl), 
an acylaminocarbonyl group (e.g., acetoamidocarbonyl, methoxyacetoamidocarbonyl), and a sulfinylaminocarbonyl 
group (e.g., methasulfinylaminocarbonyl, ethanesulfinylaminocarbonyl). Examples of aliphatic groups substituted by 
a hydrophiiic group include carboxymethyl, carboxypentyl, 3-su If ato butyl, 3-sulfopropyl, 2-hydroxy-3-sulfopropyl, 4-sul- 
fobutyl, 5-sulfopentyl, 3-sulfopentyl, 3-sulfinobutyl, 3-phosphonopropyl, hydroxyethyl, N-methanesulfonylcarbamoyl- 
methyl, 2-carboxy-2-propenyl, o-sulfobenzyi, p-sulfobenzyl and p-carboxybenzyt. 

[0077] The lower alkyl group represented by R include, for example, a straight-chained or branched one having 1 to 
5 carbon atoms, such as methyl, ethyl, propyl, pentyl and isopropyl. The cycloalkyl group includes, e.g., cyclopropyl, 
cyclobutyl and cyclopentyl. The aralkyl group includes, e.g., benzyl, phenethyl, p-methoxyphenylmethyl and o- 
acetylaminophenylethyl; the lower alkoxy group includes one having 1 to 4 carbon atoms, including methoxy, ethoxy, 
propoxy and i-propoxy; the aryl group includes substituted or unsubstituted one, such as phenyl, 2-naphthyl, 1 -naphthyl, 
o-totyl, o-methoxyphenyl, m-chlorophenyl, m-bromophenyl, p-tolyl and p-ethoxyphenyl. These groups may be substi- 
tuted by a substituent group, such as a phenyl group, a halogen atom (e.g., fluorine atom, chlorine atom, bromine 
atom, iodine atom), an alkoxy group or hydroxy. 

[0078] The lower alkyl group represented by Ra or Rb are the same as defined in R. 

[0079] The lower alkyl group represented by Rc, and Rd includes a straight-chained or branched one having 1 to 5 
carbon atoms, such as methyl, ethyl, propyl, pentyl and isopropyl. The cycloalkyl group includes, e.g., cyclopropyl, 
cyclobutyl and cyclopentyl. The aralkyl group includes, e.g., benzyl, phenethyl, p-methoxyphenylmethyl and o- 
acetylaminophenyl-ethyl; the aryl group includes substituted or unsubstituted one, such as phenyl, 2-naphthyl, 1 -naph- 
thyl, o-tolyl, o-methoxyphenyl, m-chlorophenyl, m-bromophenyl, p-tolyl and p-ethoxyphenyl; and the heterocyclic group 
includes substituted or unsubstituted one, such as 2-furyl, 5-methyl-2-furyl, 2-thienyl, 2-imidazolyl, 2-methy!-1-imida- 
zolyl, 4-phenyl-2-thiazolyl, 5-hydroxy-2-benzothiazolyl, 2*pyridyl and 1-pyrrolyl. These groups, as described above, 
may be substituted by a substituent group, such as a phenyl group, a halogen atom, an alkoxy group or hydroxy. 
[0080] Examples of the substituent groups represented by W, to W 4 , to W 14 , W 21 to W 24 , W 31 to W34, W 41 to 
and W 51 to W w include an alkyl group (e.g., methyl, ethyl, butyl, l-butyl), an aryl group (including monocyclic and 
polycyclic ones such as phenyl and naphthyl), a heterocyclic group (e.g., thienyl, furyl, pyridyl, carbazolyl, pyrrolyl, 
indolyl), a halogen atom (e.g., fluorine atom, chlorine atom, bromine atom, iodine atom), a vinyl group, trifluoromethyl, 
an alkoxy group (e.g., methoxy, ethoxy, methoxyethoxy), an aryloxy group (e.g., phenoxy, p-tolyloxy), a sulfonyl group 
(e.g., methanesulfonyl, p-toluenesulfonyl), an alkoxycarbonyl group (e.g., ethoxycarbonyl, ethoxycarbonyl), an amino 
group (e.g., amino, biscarboxymethylamino), an acyl group (e.g., acetyl, benzoyl), an ureido group (e.g., ureido, 3-meth- 
ylureido), a thioureido group (e.g., thioureido, 3-methylthioureido), an alkylthio group (e.g., methylthio, ethylthio), an 
alkenyl thio group, an arylthio group (e.g., phenylthio), hydroxy and styryl. 

[0081] These groups may be substituted by the same substituent groups as described in the aliphatic group repre- 
sented by R v Examples of substituted alkyl group include 2-methoxyethyl, 2-hydroxyethyl, 3-ethoxycarbonyipropyl, 
2-carbamoylethyl, 2-methanesulfonylethyl, 3-methanesulfonylaminopropyl, benzyl, phenethyl, carboxymethyl, car- 
boxymethyl, allyl, and 2-furylethyl. Examples of substituted aryl groups include p-carboxyphenyl, p-N.N-dimethylami- 
nophenyl, p-morpholinophenyl, p-methoxyphenyl, 3,4-dimethoxyphenyl, 3,4-methylenedioxyphenyl, 3-chlorophenyl, 
and p-nitrophenyl. Further, examples of substituted heterocyclic group include 5-chloro-2-pyridyl, 2-ethoxycarbonyl- 
2-pyridyi and 5-carbamoyl-2-pyridyl. W 1 and W 2 , W 3 and W 4 , W„ and W 12 , W 13 and W 14 , W 21 and W^, and W 24 , 
W 31 and W 32 , W33 and each pair may combine to form a condensed ring, such as 5- or 6-membered saturated 
or unsaturated condensed carbon rings, which are further substituted by substituent groups as described in the aliphatic 
group. 

[0082] Among the groups represented by V 1 to V 9 , to V 13 , V 21 to V^, and V 31 to V 33 , the halogen atom includes, 
e.g., a fluorine atom, chlorine atom, bromine atom and iodine atom; the amino group includes, e.g., amino, dimethyl- 
amino, diphenylamino, and methylphenylamino; the alkylthio group includes substituted and substituted ones, such 
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or less carbon atoms, such as meS iho« 2 "J*™* '° Wer a,kox V 9™P M ^ having four 
substituted ones, such as phenyT 2 Zm^TnZl^'^ kT^ a °" gr ° Up inc,udes substituted un- 
p-tohyl. and p-ethoxy pheny "he n£F£££S ^™?*»**^ m-ohlorophenyl, m-bromophenyl, 
tolyloxy, andm ^o^heniT^ -oh as phenoxy, p-' 

2-furyl,5-methyl-2-furyl2-thienyl [-WimmTS?? • - . > s "°strtuted or unsubstituted ones, such as 
2 -pyridy.,andlpy r iS g ^ 

halogen atom, alkoxy group, or hydroxy V f and V V 2? , ! g™P. such as a phenyl group, a 

V 9 . V11 and V 13 , V 2 /and v£ V JanX v" and'v 2 V and V "3 *' V « " d ^ V « a " d V * V ' and 

and each pair may combine to fomT^to Z*nZ%X?^l*Z > T V " V " ^ V - a " d V « 
cycloheptene ring, and decalinrina each of whir* 1 nng such as a cyclopentene ring, cyclohexene ring, 

or ary. gmup, as described TP 9 mayfUrthefb " 

g^^xZr 0 rr^ 

lower alkyl group(e.g methyl ethv ^nC ht^S ■ a T at0mS> a su t»stituted or unsubstituted 
ethoxy), a s'ubstlte'd oTZi ^Z^ Z \T ^ 9 ™> 

group (e.g., phenyl, naphthyl, p^S 12^2^^u^Q^^ , ^ , ' SUbS,itUted ° r u " subs, «^ a *' 
group [e.g., 2-thienyl, 2 fury I N N KrSSSt* 1 ^jf 9 ' * SUbStitUt6d ° f unsubs «^ heterocyclic 
having 1 to 5 carbo atoms) J aryl SorX^i 1 ""'* " 9 h 3 '° Wer ^ 9™? (PrefeTab^ 

benzylthio. phenyithio and t^^VS^J^.^TT!!^ °' " SR9 *** eth * lthio 

luuiwj incases where the compound represented by formula (S1> (S1-1> (sp.u i^ nrlGA ^ t 
cationic- or anionic-charged group a counter ion k fn,™* k! • ' ( (S3) or (S4) ,s subst,, "ted with a 

intramolecular charge. As an k!Z^^Z^Tl * . T™' W Cati ° niC equivalent t0 «*"P««ate an 
X 21 , or X 3 , examples of cataS S^ TZT* V "** h repreSen,ed » *«■ 
monium) and inorganic cations (e.g., c^o^2Z^LT^ ^ ?* tneth >" amm °™™. triethanolam- 
halide ions (e.g., chloride ion, b omideTtod de Z' otoZnZu^T™* and exam P |es of acid a ™"* inolude 

LSLdhe.eC is r ferab * 8 *• charac,erized a *« 

a carbon atom at a peri-posSon or ZZ Z^lZTlZ I T T h a ring and 

on the benzene ring of the benzothi^ 
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No.S-68 
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No.S-69 
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No.S-70 
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SOCH 



CF3SO3 ' 



[0087] The infrared sensitizing dyes and spectral sensitizing dyes described above can be readily synthesized ac- 
cording to the methods described in F.M. Hammer, The Chemistry of Heterocyclic Compounds vol.18, "The cyanine 
Dyes and Related Compounds" (A. Weissberger ed. Interscience Corp., New York, 1964). 

[0088] These sensitizing dyes may be used alone or in combination thereof. The combined use of sensitizing dyes 
is often employed for the purpose of supersensitization. A super-sensitizing compound, such as a dye which does not 
exhibit spectral sensitization or substance which does not substantially absorb visible light may be incorporated, in 
combination with a sensitizing dye, into the emulsion. 

[0089] In cases when being super-sensitized, and specifically when a reducing agent is not deactivated, photosen- 
sitivity is enhanced, print-out is easily promoted after development. In such a case, the present invention is effective. 
In cases when being infrared-sensitized, an infrared sensitizing dye has an oxidation- reduction potential at which a 
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I HSL J * ' S ' S S " 9ht,y redUable ' eaSily producin 9 a silver c,uster f0 ™in9 fog silver in the 

Z l ca ^ t reducing agent even when placed in a dark room. The produced silver cluster also induces foggi g 
as a catalyst nucleus, detenorating storage stability in the dark room or promoting print-out when placed in a daE 
room after development. Further, sensitive of the infrared sensrtive materia, extends to the tZ^Zn ZSon 

Z-'l I V 'f le ^ ° n S ° th3t the Pr6Sent inven,i0n iS effective for inhibitin 9 pTduce7b7theS 
radiafcon. Such a effect ,s marked in infrared-sensitized photosensitive materials which is sensitized with a supersTn 
siUzer. Useful sensing dyes dye combinations exhibfting supersensitfcation and materials exhibit^ supeTensm- 
zat.cn are descnbed ,n RD17643 (published in December, 1978), IV-J atpage23, JP-B 9-25500 and 43 4933 ^1 
B mSanS PUb ' iShed JapaneSe Patent ) and JP - A 59 " 1 9 °32, 59 192242 and 5-341432 ' 

p^LT:::;z^zr maxic heterocycifc mercapto ampound represented * the « * 



Formula (6) 



Ar-SM 



TZn 1 hydr ° 9en at0m °„ r an a,kali metal a,om : Ar is an aromatic ring or condensed aromatic ring containing a 

J * SeleniUm a, ° m ° r te " UriUm at0m - Such aromatic heterocyclic rings are pref- 

erably benzimidazole, naphtho,m,dazole, benzothiazole, naphthothiazole, benzoxazole, naphthooxazole benzose- 
.enazole, benzote lurazole, imidazole, oxazole, pyrazole, triazole, triazines, pyrimidine, pyridii e pySe pyTne 
punne, and qu.noline. Other aromatic heterocyclic rings may also be included * 
[0091] A disulfide compound which is capable of forming a mercapto compound when incorporated into a dispersion 
of an organic s, Iver saft and/or a silver halide grain emulsion is also included in the invention Jn particular a prefeT eS 
example thereof is a disulfide compound represented by the following formula: Particular, preferred 

Formula (7) 



Ar-S-S-Ar 



wherein Ar is the same as defined in formula (6). The aromatic heterocyclic rings described above may be substituted 
with a halogen atom (e.g., CI, Br, I), a hydroxy group, an amino group, a carboxy group, an alky, group (havTq £22 

P^b^^^ 

MM to th X eTe Pla,y eXamP ' eS * mercapt °- substituted ™™«* heterocyclic compound are shown below but are not 



M-1: 2-mercaptobenzimidazole 

M-2: 2-mercaptobenzoxazole 

M-3: 2-mercaptobenzthiazole 

M-4: 5-methyl-2-mercaptobenzimidazole 

M-5: 6-ethoxy-2-mercaptobenzthiazole 

M-6: 2,2'-dithiobis(benzthiazole) 

M-7: 3-mercapto-1 ,2,4-triazole 

M-8: 4,5-diphenyl-2-imidazole 

M-9: 2-mercaptoimidazole 

M-1 0: 1 -ethy!-2-mercaptobenzimidazole 

M-11 : 2-mercaptoquinoline 

M-1 2: 8-mercaptopurine 

M-1 3: 2-mercapto-4(3H)-quinazoline 

M-1 4: 7-trifluoromethyl-4-quinolinethiol 

M-1 5: 2,3,5,6-tetrachloro-4-pyridinethiol 

M-1 6: 4-amino-6-hydroxy-2-mercaptopyridine monohydrate 

M-1 7: 2-amino-5-mercapto-1 ,3,4-thrazole 

M-1 8: 3-amino-5-mercapto-1 ,2,4-triazole 

M-1 9: 4-hydroxy-2-mercaptopyridine 

M-20: 2-mercaptopyridine 
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M-21 : 4,6-diamino-2-mercaptopyridine 

M-22: 2-mercapto-4-methylpyrimidine hydrochloride 

M-23: 3-mercapto-5-phenyl-1 ,2,4-riazole 

M-24: 2-mercapto-4-phenyloxazole 

[0093] The supersensitizer compound usable in the invention is incorporated into an emulsion layer containing the 
organic silver salt and silver halide grains, preferably in an amount of 0.001 to 1 .0 mot, and more, preferably 0.01 to 
0.5 mo per mol of silver. 

[0094] Binders suitable for the photothermographic materials used in the present invention are transparent or trans- 
lucent, and generally colorless. Binders are natural polymers, synthetic resins, and polymers and copolymers, other 
film forming media; for example, gelatin, gum arabic, polyvinyl alcohol), hydroxyethyl cellulose, cellulose acetate, 
cellulose acetatebutylate, poly(vinylpyrrolidone), casein, starch, poly(acrylic acid), poly(methylmethacrylic acid), poly 
(vinyl chloride), poly(methacrylic acid), copo!y(styrene-maleic acid anhydride), copoly(styrene-acrylonitrile), copoly 
(styrene-butadiene), polyvinyl acetal) series (for example, polyvinyl formal)and polyvinyl butyral), poly(ester) series, 
poly(urethane) series, phenoxy resins, poly(vinylidene chloride), poly(epoxide) series, poly(carbonate) series, poly 
(vinyl acetate) series, cellulose esters, poly(amide) series. These may be hydrophilic or hydrophobic polymers. Of 
these, as a binder preferable for the thermally developable light sensitive layer is polyvinyl acetals and more preferably 
polyvinyl butyral. Cellulose esters exhibiting higher softening temperature, such as triacetyl cellulose or cellulose ac- 
etatebutylate are preferred for non-light sensitive layers such as an over-coat layer or sub-coat layer, specifically, a 
protective layer or backing layer. These binders may be used in combination. The binder is used with a range effective 
to function as a binder. The effective range can optimally be determined by one skilled in the art. As a measure to hold 
at least an organic silver salt, a ratio of a binder to an organic silver salt, based on weight is preferably within a range 
of 1 5:1 to 1 :2, more preferably 8:1 to 1 :1 . The amount of a binder in a light sensitive layer is preferably 1 .5 to 6 g/m 2 , 
and more preferably 1 .7 to 5 g/m 2 . The amount of less than 1 .5 g/m2 results in an increase density of an unexposed 
area to levels unacceptable to practical use. 

[0095] Inclusion of a cross-linking agent is specifically effective in the invention. Although the mechanism has not 
been elucidated, it was proved that the combined use of the cross-linking agent and the labile species-generating 
compound used relating to the invention gave advantageous effects on storage stability on the dark room and production 
of print-out silver v under daylight. Although it is commonly known that the use of a cross-linking agent in such a binder 
as described above improves layer adhesion and lessens unevenness in development, it is unexpected that the use 
of the crosslinking agent in combination with the labile species-generating compound was effective in fog inhibition 
during storage and prevention of print-out after development. 

[0096] Crosslinking agents usable in the invention include various commonly known crosslinking agents used for 
photographic materials, such as aldehyde type, epoxy type, vinylsulfon type, sulfonester type, acryloyl type, carbodi- 
imide type crosslinking agents, as described in JP-A 50-9621 6. 

[0097] Specifically preferred are an isocyanate type compound, epoxy compound and acid anhydride, as shown 
below. One of the preferred crosslinking agents is an isocyanate or thioisicyanate compound represented by the fol- 
lowing formula: 

Formula (8) 
X=C=N-L-(N=C=X)v 

wherein v is 1 or 2; L is a bivalent linkage group of an alkylene, alkenylene, arylene or alkylarylene group; and X is an 
oxygen atom or a sulfur atom. An arylene ring of the arylene group may be substituted. Preferred substrtuent groups 
include a halogen atom (e.g., bromine atom, chlorine atom), hydroxy, amino, carboxy, alkyl and alkoxy. 
[0098] The isocyanate crosslinking agent is an isocyanate compound containing at least two isocyanate group and 
its adduct. Examples thereof include aliphatic isocyanates, alicyclic isocyanates, benzeneisocyanates, naphthalene- 
diisocyanates, biphenyldiisocyanates, diphenylmethandiisocyanates, triphenylmethanedi isocyanates, triisocyanates, 
tetraisocyanates, their adducts and adducts of these isocyanates and bivalent or trivalent pofyhydric alcohols. Exem- 
plary examples are isocyanate compounds described in JP-A 56-5535 at pages 10-12, including: ethanedi isocyanate, 
butanediisocyanate, hexanedi isocyanate, 2, 2-dimetylpentanedi isocyanate, 2,2,4-trimethylpentanediisocyanate, 
decanediisocyanate, ?,?'-di isocyanate- 1 ,3-dimethylbenzol, ?,?'-diisocyanate- 
1,2-dimethylcyclohexanediisocyanate, ?,?'-diisocyanate-1 ,4-diethylbenzol, , ?,?'-diisocyanate- 
1 ,5-dimethylnaphthalene, ?,? , -diisocyanate-n-propypbiphenyl, 1 ,3-phenylenediisocyanate, 1-methylbenzol-2,4-diiso- 
cyanate, 1,3-dimethylbenzol-2,6-diisocyanate, naphthalene-1 ,4-diisocyanate, l.l'-naphthyl^'-diisocyanate, biphe- 
nyl-2,4'-diisocyanate, S^'-dimethylbiphenyM^-diisocyanate, diphenylmethane-4,4'-diisocyanate, 2,2'-dimethyld- 
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iphenylmethane-4/r.dii S ocyanate,3,3^d^^ 
4,4'-d„socyanate l-methylbenzol-2,4 

2,4,4 -trnsocyanate, tnphenylmethane-4,4-,4'-triisocyanate, totylenediisocyanate, 1 ,5-naphWlenediiLcyaCe dim- 

3 Zl EUSff °H theSe iS0CyanatS C ° mp0UndS (ag - adduCt of 2 " mole ^xamethy'lenJdiisocyana^ addu^of 
anatJv 2SS t "^'T^' ^ °' 2 mote ^^enediisocyanate, adduct of 3 mole 2Xtolylenediisocy- 
» * *°<*™^ selected from these isocyanate compounds described above, and adducl 

,°T . C0 7 P ° UndS biVa ' ent ° r triValem po| y h y dric alcoho1 (P referab 'y ^ving upto 20 cartoon atoms 
ITZ T T 9 yC0 '' P T 6ne 9 ^°'' PinaC °'' and P ro P ane >' such as adduct of tolylenediisocyanate 

2122* 2h P T n L°: ° f hexame «"y'^«ocyanate and trimethylolpropane. Of these adduct of'socy' 
anate and polyhydnc alcohol .mproves adhesion between layers, exhibiting high capability of preven ing layer peeS 

Pr h dUC,i ° t n ° f , b r' eS - ™ eSe ^ feoc y anate «" P«ii may b'e fcXlSS^SSS 
Llr I ?r . m 9 P 1° T " al ' f ° r eXamp ' e ' in, ° the interior of 3 su PP° rt int0 siz * of a paper support) or any 
layer on the hght sensfflve layer-side of the support, such as a light sensrtive layer, surface protectee laye? interiayer 

tZSm ° r SUb ' ayer ' ThUS n may be incor P° rate ° into one or plurality of these layers 
[0099] The th.o IS ocyanate type crosslinking agent usable in the invention is a compound having a thioisocvanate 
structure, corresponding to the isocyanates described above. mioisocyanate 
[0100] The crosslinking agents described above are used preferably in an amount of 0.001 to 2 mol and more 
preferably 0.005 to 0.5 mol per mol of silver. ' 

E^US *°T ate COmp ° unds and thioisocyanate compounds used in the invention are preferably those which 
2 ,Uct,on,n 9 as a ; ardener - Eve " *he" V of formula (8) is zero, i.e., even a compound containing onj 
these 9r ° UP ' 3V0rred GffeCtS - EXemP ' ary eX3mpleS there °' are shown below but ™ «* *2dte 



these. 

1 C 8 H 17 NCO 

2 C 12 H 25 NCO 



CH 3 
CH 3 C-C-NCO 
CH 3 



Q-NCO 



6 «-/"\ 




CI— \ V-NCO 
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NCS 



-CH-CHjNCS 

C 12 H 25 0 



CH 3 0 



o 



CH 2 NCS 



CH 3 

(CH 3 ) 3 -C-NCS 
CH 3 



CI— ( Y-NCS 




CH 3 

(CH 3 )C-C-NCS 
CH 3 



66 



EP 1 132 767 A2 



22 



o 



NCS 



23 



SCNCH 2 CH 2 NCS 



[0102] Further, preferred cross-linking agent is an epoxy compound containing at least an epoxy group and repre- 
sented by the formula described below, or an acid anhydride. 

[0103] The epoxy compound usable in the invention may be any one containing at least one epoxy group and is not 
limited with respect to the number of the epoxy group, molecular weight and other parameters. The epoxy group is 
preferably contained in the form of a glycidyl group through an ether bond or an imino bond in the molecule. The epoxy 
compound may be any one of a monomer, oligomer and polymer, in which the number of the epoxy group in the 
molecule is preferably 1 to 10 and more preferably 2 to 4. In cases where the epoxy compound is a polymer, it may 
be either one of a homopolymer and a copolymer. The number-averaged molecular weight (Mn) thereof is preferably 
2,000 to 20,000. The epoxy compound used in the invention is preferably a compound represented by the following 
formula (9): 



wherein an alkylene group or arylene group represented by R in formula (9) may be substituted by a substituent selected 
from a halogen atom, a hydroxyalkyl group and an amino group; R in formula (9) preferably contains an amido-linkage, 
ether linkage or thioether linkage; a bivalent linkage group represented by X is preferably -S0 2 -, -S0 2 NH-, -S-, -O- or- 
NR'-, in which R* is a univalent linkage group and preferably an electron-withdrawing group. 
[0104] Exemplary examples of the epoxy compound are shown below but are not limited to these. 



Formula (9) 



CH 2 -CH-CH 2 -X-R-X-CH 2 -CH-CH2 



EP-1 




EP-2 




o 
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EP-3 



(CH 3 ) 3 C-/ \— 0-CH 2 -CH-CH 2 



10 



EP-4 



20 



CizHas-O-lCHa-CHa-Ohs-CHj-CH-CHj 

V 



25 



EP-5 



30 




35 



EP-6 

40 



Br 



45 



EP-7 



so ^a-^CH-CHj-O-CHa-CHa-O-CHj-CH-CH, 

° V 
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10 



EP-8 



CH 2 -CH-CH 2 -0-(CH 2 ) 6 -0-CH 2 -CH-CH 2 
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EP-9 



CH 2 -CH-CH 2 -0 



-a 



0-CH 2 -CH-CH 2 



20 



25 



30 



EP-10 



CH 2 -0-CH 2 -CH-CH 2 

! o 

CH-OH 



CH 2 -0-CH 2 -CH-CH 2 
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EP-n 



CH 2 -0-CH 2 -CH-CH 2 



CH-0-CH 2 -CH-CH 2 
CH 2 -0-CH 2 -CH-CH 2 
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50 
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CHa-O-f-CHj-CH-CHj-O-CHj-CH-CHa-ojy- 



CH 



OH 



CH 2 



CH 2 -CH—CH 2 
O 



N 



CH 2 
CH 
CH 2 
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EP-13 



CH 2 -CH-CH 2 -0-CH 2 -CH-CH 2 -0-CH 2 -CH-CH 2 -0-CH 2 -CH-CH 2 
O OH I \/ 



0-CH 2 — CH-CH 2 



EP-14 



CH 2 -CH-CH 2 -0-CH-CH-0-CH 2 -CH-CH 2 
O V 



C "2 CH-CH-CH 2 -0-CH 2 -CH-CH 2 
0 OH V 



EP-15 



CHj-CH-CHj-O-^CHa-CHj-O^C^-CH-CHj 

o V 



EP-16 



CH 2 -CH-CH 2 -0-^CH 2 -CH 2 -o)-CH 2 -CH-CH 2 
O \ / 
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EP-17 



CH 2 -CH-CH 2 -S-CH 2 -CH 2 -S-CH 2 --CH-CH 2 



10 



15 



20 



EP— 18 



CH 2 -CH-CH 2 -S0 2 -CH 2 -CH 2 -CH 2 -S0 2 - CH 2 -CH-CH 2 
O O 



25 



30 

EP-19 



35 



40 



CH 2 -CH-CH 2 — S0 2 NH-(-CH 2 4-SO 2 NH-CH 2 — CH-CH 2 

\ / \ /s \ y 



EP-20 



45 CH 2 -CH-CH 2 -0-CH 2 ^ ^Hj-O-CHa-CH-CHa 

CH2-CH-CH2-O-CH2/ N CH 2 -0-CH 2 -CH-CH 2 
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EP-21 
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OH 
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CH 2 -CH-CH 2 -0-CH 2 -CH-CH-CH-CH-CH 2 -0-CH 2 -CH-CH 2 
0 O 6-CH 2 -CH-CH 2 \/ 
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EP-22 
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— (-chj-ch^c^-ch}-^ (Mn=10000) 



COOCH 3 COOCH 2 -CH-CH 2 

20 \f 



25 B>-23 



40 
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CH ? CH 3 



-f- CH2 -|^- CH »-|-hi < Mn=12000 > 

COOCH3 COOCH 2 -CH-CH 2 



EP-24 



CH 3 



-f CH '-f H k£ CH *-f-)To < Mn = 20000 > 

COOCaHg COOCH 2 CH 2 -0-CH 2 — CH-CHj 



* 1 JI 16 epox y com P° u e nd ma V be us « d alone or combination thereof. The amount to be added is not specifically 
I ' 1 P f erab ' y 1X10 t0 1X10-2 m0l/m2 ' and more P referab * 1x1 °- 5 ,0 1x10 " 3 m*^. The epoxy impound 

so Zr ^SonTo' r^* ' T^"" ^ SUrfaCe pr ° teCtive ,ayer ' interla y er - ««M«*Mon layer and subbing 
layer prov.ded on the light sensitive layer-side of the support and may be added to one or plurality of these layers 

IT e «l™,n 1 3 iT . Pr0Vid6d °" the ° PP0Site Side of the 8u PP ort - in combination with the light sensitive 

layer-side Un the case of a photothermographic material having light sensitive layers on both sides of the support it 
may be added to any one of the layers. ' 

« !e P reint?d\Tbelo n w ydride *** ^ inVenti0 " * preferably a com P ound containing at least an acid anhydride group 
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—c-o-c— 



[0107] The acid anhydride usable in the invention may be any compound containing one or more acid anhydride 
group, the number of the acid anhydride group, molecular weight or other parameters are not specifically limited, and 
a compound represented by the following formula (B) is preferred: 



wherein Z is an atomic group necessary to form a monocyclic or polycyclic ring, which may be substituted. Examples 
of substituent include an alkyl group (e.g., methyl, ethyl, hexyl), an alkoxyl group (e.g., methoxy, ethoxy, octyloxy), an 
aryl group (e.g., phenyl, naphthyl, tolyl), hydroxy group, an aryloxy group (e.g., phenoxy), an alkylthio group (e.g., 
methylthio, butylthio), an arylthio group (e.g., phenylthio), an acyl group (e.g., acetyl, propionyl, butylyl), a sulfonyl 
group (e.g., methyls u If ony I, phenylsulfonyl), an acylamino group, a sulfonylamino group, an acyloxy group (e.g., ace- 
toxy, benzoxy), carboxy group, cyano group, sulfo group and an amino group. It is preferred not to contain a halogen 
atom as a substituent. 

[0108] Exemplary examples of the acid anhydride compound are shown below but are not limited to these. 



Formula (B) 




B-1 



B-8 




O 




B-2 




o 



B-9 



o 




B-3 



o 



B-10 
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B-16 




[0109] The acid anhydride compound may be used alone or combination thereof. The amount to be added is not 
specifically limited, but preferably 1x10" 6 to 1x1 0~ 1 mol/m 2 , and more preferably IxlO -4 to 1x10" 2 mol/m 2 . The acid 
anhydride compound may be added to any layer of a light sensitive layer, surface protective layer, interlayer, antihalation 
layer and subbing layer provided on the light sensitive layer-side of the support and may be added to one or plurality 
of these layers. Further, it may be added to a layer provided on the opposite side of the support, in combination with 
the light sensitive layer-side. In the case of a photothermographic material having light sensitive layers on both sides 
of the support, it may be added to any one of the layers. 

[01 1 0] Organic silver salts used in the invention are reducible silver source, and silver salts of organic acids or organic 
heteroacids are preferred and silver salts of long chain fatty acid (preferably having 10 to 30 carbon atom and more 
preferably 15 to 25 carbon atoms) or nitrogen containing heterocyclic compounds are more preferred. Specifically, 
organic or inorganic complexes, ligand of which have a total stability constant to a silver ion of 4.0 to 10.0 are preferred. 
Exemplary preferred complex salts are described in RD 1 7029 and RD29963, including organic acid salts (for example, 
salts of gallic acid, oxalic acid, behenic acid, stearic acid, palmitic acid, lauric acid, etc.); carboxy alky (thiourea salts 
(for example, 1 -(3-carboxypropyl)thiourea, 1 -(3-caroxypropyl)-3,3-dimethylthiourea, etc.); silver complexes of polymer 
reaction products of aldehyde with hydroxy-substituted aromatic carboxylic acid (for example, aldehydes (formalde- 
hyde, acetaldehyde, butylaldehyde, etc.), hydroxy-substituted acids (for example, salicylic acid, benzoic acid, 3,5-di- 
hydroxybenzoic acid, 5,5-thiodisalicylic acid, silver salts or complexes of thiones (for example, 3-(2-carboxyethyl)- 
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t2 Sr?? Y ( !f 2 ol, 1 ne - 2 - th,one and 3^art>oxymethy|.4-thiazoline-2-thione), complexes of silver with nitrogen 
acid selected from ,m,dazole, pyrazole, urazole, 1 .2,4-thiazole, and 1 H-tetrazole, 3-amino-5-benzylthio-1 2 4-triazole 
andbenztnazoleorsaltsthereofisilver salts of saccharin, 5-chlorosalicylaldoxime, etc -and silver salts of me'rcaptides 
Of these organic silver - salts, silver salts of fatty acids are preferred, and sifcer salts of behenic acid, arachidic acid and 
stearic acid are specifically preferred. 

101111 ™ e or 9f nic silver salt impound can be obtained by mixing an aqueous-soluble silver compound with a 
compound capable of forming a complex. Normal precipitation, reverse precipitation, double jet precipitation and con- 

EHiS pre ? K B ? n d ff bed in JP " A 9 ' 127643 are preferab * emp,oyed For exam p |e > to an «*« 

is added an alkali i metal hydrox!de (e.g.. sodium hydroxide, potassium hydroxide, etc.) to form an alkali metal salt soap 
of the organic aad (e.g., sodium behenate, sodium arachidate, etc.), thereafter, the soap and sirver nitrate are mixed 
Srrent^reslm J6t m6th ° d t0 f0rm 0rganic Silver salt crystals - ln this cas * silver h alide grains may be con- 
[01 12J In the present invention, organic silver salts have an average grain diameter of 1 0 urn or less and are mon- 
odisperse. The average diameter of the organic silver salt as described herein is, when the grain of the organic salt 
3, for example a sphencal, cylindrical, or tabular grain, a diameter of the sphere having the same volume as each of 
these grains The average grain diameter is preferably between 0.05 and 10 urn, more preferably between 0 05 and 
ofTbuS graiir 6 P °'° 5 °' 5 ^ Furthermore > the or 9 anic silver *»« * Preferably comprised 

[0113] Further, organic silver salts relating to this invention will be detailed with respect to preferred conditions Thus 
organic silver salts preferably comprise tabular grains which are preferably tabular grains exhibiting an aspect ratio of 
not less than 3, and to make smaller anisotropy in shape of two parallel opposite faces having a maximum area (also 

IT. ^ T T"l t0 ? ChieV8 C ' 0Ser PaCkin9 in the ,i9ht sensitive laver ' the tabular 9rains exhibit an average 
value of a needle ratio of not less than 1 .1 and less than 1 0.0, and preferably not less than 1 .1 and less than 5 0 which 
can be measured from the direction of the major face. 

SV2 inVenti ° n ' expression " com P"'se tabular grains exhibrting an aspect ratio of not less than 3" means 

ha he tabular grams account for at least 50% by number of the total organic silver salt grains. It is more preferred 
that the organic s.lver salt comprises tabular grains accounting for at least 60% by number of the total organic silver 
salt grains, still more preferably at least 70% and most preferably at least 80% by number. 

T U \ 3r ° r9 ! nfc SilVer Salt 9rain haVing an aspect rati0 of not less tnan 3 refef s to an organic salt grain 
exhibrting a ratio of gram diameter to grain thickness, being a so-called aspect ratio (also denoted as AR) of 3 or more 
wriich is defined below: 



AR = diameter (nm)/thickness (p.m) 



wherein when an organic silver salt particle is approximated to be a rectangular parallelepiped, the diameter is the 
maximum edge length (also denoted as MX LNG) and the thickness is the minimum edge length (also denoted as MN 

EUtaL J?t T? T ° f ! 3bUlar ° r9aniC Si ' Ver "* partiC,eS iS Preferably within ,he ra "9 e of 3 10 2 °. ^d more 

EJXTX ,5. ° aSe a " rati ° ° f ' eSS than 3 ' the organic salt ? artic,es easi| y f °™ «*»«t packing 
and in the case of the aspect ratio being excessively high, organic silver salt particles are easily superposed and 
dispersed in the coating layer in the form of being brought into contact with each other, easily causing light scattering 
and leading to detenoration in transparency of the photothermographic material 

[0117) The grain diameter was determined in the following manner. An organic silver salt dispersion was diluted 
dispersed on the gnd provided wrth a carbon support membrane, and then photographed at a direct magnification of 
fS?Z0"!L USm ,? 8 transmission elect ™ microscope (TEM, 2000 FX type, available from Nihon Denshi Co 
Ltd.). The thus obtained negative electronmicrograph images were read as a digital image by a scanner to determine 

tJe w^ge dSSteT ' ^ appropria,e software ' At ,east 300 9 rains wera measured to determine 

[01 18] The grain thickness was determined using a transmission type electron microscope in the following manner 

^milSr ' ayer U COa l ed ° n, ° 3 SU PP° rt ' is P asted °" to a stable holder employing an adhesive and is cut 
perpendicular to the support surface employing a diamond knife to prepare an ultra-thin slice, at a thickness of 0 1 to 

IT. ! S Pr ! Par6d Ultra " ,hin S,iCe iS su PP° rted ° n a copper mesh, and is placed onto a carbon membrane 
mora , Ian , .T de ,0 hydr0P !; iliC k by means of a S'ow discharge. Then, while cooling the resulting slice to nor. 
more than -130 »C, the image .n a bright visual field is observed at a magnification of 5,000 to 40,000 employing a 
transmission electron microscope (hereinafter referred to as TEM), and then images are quickly recorded employ' g 

h»J^ e h ' *. "T^ e, °- SUCh 8 ° ase ' * iS recomr "ended to suitaby select a portion of said slice which 
has neither been torn nor distorted in the visual field for observation. 
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[0119] The carbon membrane, which is supported by an organic film such as an extremely thin collodion, Formvar, 
etc., is preferably employed, and a film composed of only carbon, which is obtained by forming the film on a rock salt 
substrate and then dissolving away the substrate or by removing the foregoing organic film, employing an organic 
solvent or ion etching, is more preferably employed. 

The acceleration voltage of said TEM is preferably 80 to 400 kV, and is most preferably 80 to 200 kV. 
[0120] Details of other means such as electron microscopic technology and sample preparation techniques can be 
referred to in "Igaku-Seibutsugaku Denshikenbikyo Kansatsuho (Medical and Biological Electron Microscopy", edited 
by Nippon Denshikenbikyo Gakkai, Kanto Shibu, (Maruzen), and "Denshikenbikyo Seibutsu Shiryo Sakuseiho (Prep- 
aration Method of Biological Samples for Electron Microscopy)", edited by Nippon Denshikenbikyo Gakkai, Kanto Shi- 
bu, (Maruzen). 

[0121] The TEM image, recorded in an appropriate medium, is decomposed to at least 1024 x 1024 pixels or pref- 
erably at least 2048 x 2048 pixels, and is then subjected to image processing employing a computer. In order to carry 
out image processing, an analogue image recorded on a film strip is converted into a digital image employing a scanner 
etc., and the resulting image is preferably subjected to shading correction, contrast-edge enhancement, etc., based 
on specific requirements. Thereafter, a histogram is prepared and the portions corresponding to organic silver are 
extracted employing binary processing. At least 300 grains of the organic silver salt were manually measured with 
respect to the thus extracted thickness employing appropriate software. 

[0122] The average of the needle ratio of the tabular organic silver salt grains is determined according to the proce- 
dures described below. 

[0123] First, a light sensitive layer, comprising tabular organic silver salt grains, is allowed to swell by employing an 
organic solvent which is capable of dissolving the binder of said light sensitive layer, and said layer is then peeled from 
the support. The operation is repeated five times, in which the peeled layer is subjected to ultrasonic cleaning with the 
above-mentioned solvent, and centrifugal separation, and the supernatant is removed. Further, the above-mentioned 
process is carried out under a photographic safelight. 

[0124] Subsequently, dilution is carried out employing MEK (methyl ethyl ketone) so that the concentration of the 
organic silver solid portion becomes 0.01 percent. After carrying out ultrasonic dispersion, the resulting is dropped onto 
a polyethylene terephthalate film which has been made to be hydrophilic employing a glow discharge, and is subse- 
quently dried. 

[0125] The film, on which said grains are placed, is subjected to oblique evaporation of 3 nm thickness Pt-C by an 
electron beam from a 30° angle to the film surface employing a vacuum evaporation unit, and thereafter, is preferably 
employed for observation. 

[01 26] The prepared sample is observed through a secondary electron image, obtained by employing a field emission 
scanning electron microscope (hereinafter referred to as PE-SEM) under a magnification of 5,000 to 20,000 at an 
acceleration voltage of 2 to 4 kV, and the resulting image is stored on suitable recording media. 
[0127] For the above-mentioned processing, it is convenient to use a device which is capable of directly recording 
the memory data as digital information, which is obtained by AD converting image signals from the electron microscope 
body. However, analogue images recorded onto Polaroid film etc. can be converted to digital images employing a 
scanner etc., and the resulting images may be employed upon carrying out shading correction, contrast enhancement 
as well as edge enhancement, etc. if desired. 

[0128] One image recorded in a suitable medium is decomposed to at least 1024 x 1024 pixels and is preferably 
decomposed to 2048 x 2048 pixels. Said decomposed image is preferably subjected to image processing employing 
a computer. 

[0129] Procedures of the above-mentioned image processing are as follows. First, a histogram is prepared and 
portions corresponding to tabular organic silver salt grains having an aspect ratio of 3 or more are extracted employing 
binary processing. Inevitable coagulated grains are cut employing a suitable algorithm or a manual operation and are 
subjected to boarder extract. Thereafter, both maximum length (MX LNG) and minimum width (WIDTH) between two 
parallel lines are measured for at least 1 000 grains, and the needle ratio of each grain is obtained employing the formula 
described below. The maximum length (MX LNG) is the maximum value of the straight length between two points within 
a grain. The minimum width between two parallel lines is a minimum distance of two parallel lines drawn circumscribing 
the grain. 



Needle ratio = (MX LNG) / (WIDTH) 

[0130] Thereafter, the number average of the needle ratio is calculated for all measured particles. When measure- 
ments are carried out employing the above-mentioned procedures, it is desirable that in advance, employing a standard 
sample, the length correction (scale correction) per pixel as well as two-dimensional distortion correction of the meas- 
urement system is sufficiently carried out. As the standard sample, Uniform Latex Particles (DULP) marketed by Dow 
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« "ZSl^i J J? « S o A ^ SUitab ' e ' Polyst V rene P articles h«*ig a variation coefficient of less than 10 percent for 
a d,ameter of 0 1 to 0.3 urn are preferred. Specifically, a type having a particle diameter of 0.212 urn as well as a 
standard dev.ation of 0.0029 u/n is commercially available. »^vm as wen as a 

[0131] Detailsofimageprocessingtechnologymaybehadbyreferringto»GazoshoriOyogijutsu(AppliedTechnoloav 
m mage Processing)", edited by Hiroshi Tanaka, (Kogyo Chosa Kai). Image processing rogram Xpa^es S 

ZZTX~ ^ 83 ^ * ~ as one example is LuTe^ 

T e 3 li m ^io^ rePare Tv C SilVerSalt9rainshavin 9t^above-mentionedshapearenotparticolany restricted. 
The opt.rn.zat.on of vanous condrtions such as maintaining the mixing state during the formation of an organic acid 

ste TL*» S ° a T^ 0r T miXin9 State dUrin9 thG additi ° n ° f "™ ni,rate » said -"P- AfterZr 0 g an c 

aaenJtcTd^T " "S ' nVenti ° n ^ Pre ' iminari,y dfepereed toaether "^binders, surface active 

agents, etc., rf des.red, the resulting mocture is preferably dispersed and pulverized by a media homogencer a high 

ZTZ STTn ,he During said pre,imina * dispersion - 0,dinary stirrers such as - C 9 

Zt^beV^r rotat '° n CentrtfU9al radia ' *" Stirrer (DiSS ° h ' er) ' 38 3 hi9h Speed sheari "9 stirrer 
[0133] Furthemiore employed as said media homogenizes may be rolling mills such as a ball mill a satellite ball 
as CSeh^ 

as h.gh pressure homogemzers may be vanous types such as a type in which collision occurs against a wall or a olua 
a type ,n which quid is dmded into a plurality of portions and said portions are subjected to coLon wTeach , <Sh? 
a type ,n whfch l^d forced to pass through a narrow orifice, etc. Examples of ceramics employed as thetSc 
J"* A, 2°3' B*™* SrT '0 3 . MgO, ZrO, BeO, Cr 2 0 3 , Si0 3 , SiO r AI 2 0 3 , Cr 2 0 3 -MgO MgO-CaO MoTc 

AI203-6S.O, (art* ,c.al emerald), C (artificial diamond), Si0 2 -nH 2 0, silicone ^nitridl yttrium-stabi Ized-zSnrzircoS- 
re.nforced-a.um.na. Yttrium-stabi.ized-zirconia and zirconia-refnforced-alumina are preferabty employed ^ n v ew That 

zinconia are called z.rcon.a as an abbreviation. «*wHiuuning 
nl^Ll" d6V ! CeS r P, T d f ° r dis P ersin 9 tne tabular or 9anic silver salt grains employed in the present invention 
P £on?V mP "1 38 thememberS Which are in co "tact with the organte silver salt grains are ceramic* su 

SJSr ST'" 8 ' 8 C ° ne n,tr : de ' b0r ° n nitridG ' ° r diamond - a »— • zirconia is »• oncost preferably emp^e? 
£135] Wh.le carry.ng out of the above-mentioned dispersion, the binder is preferably added so as to 2 a 
concentration of01to10wt% with reference to the weight of the organic silver salt, and the temperature s pTeferabtv 
ma,nta,ned at no less than 45- C from the preliminary dispersion to the main dispersion pmS^TSSS 

5STtSl? ,-0n C ° ndlt,0nS ° f 8 h0m °9 eni2er ' whe " high-pressure homogenizer as the dispersing ma 

ch.ne, .s tw.ce o more operations at 300to 1 ,000 kgf/cm*. In the case when a media-dispersing machine is emploved 
a c,rcumferent,a. speed of 6 to 13 m/sec. is preferable. In the case when zirconia is employed as a part of 2 S 
or ofthemach.ne,.t,s ground and mixed into the dispersion during the mixing process. This is specifically a^ 
ZZiSZT* CharaC,eriStiCS - F ^ ments ° f ™y ■» supplemental* added to 

hm.nar ly added dunng preliminary dispersing. A high concentration zirconia liquid can be obtained for example bv 

r m6thy T^T t0ne " 3 bead mi » filled with 2irconia "eads. The obtained zirconia Cd may be adSn the 

s.Ver hal.de and anorgan,c s.tver salt is preferably 0.01 to 0.5 mg, and more preferably 0.01 to 0 3 mg per g of silve* 
The z,rcon,a ,s preferably in the form of fine particles having a diameter of not more than 0.02 urn 9 
[0136] In one preferred embodiment of this invention, light sensitive silver halide used in this invention is subjected 
to chemical sensitization which is performed using an organic sensitizer containing a chafcogen atom? the abSSe 
^SSSL'SS Z manufacturing process of the photothermographl material, the Side be 
m.xed wrth the organ.c silver saft, dispersed, dewatered and dried. One feature of the light sensitive emulsion used in 
Z ZTZ» " Cr0SS SeCti0n< ^ t0 the SUpp0rt ° f ,he Pbotothermographic materi Is observed 

acZn, tor °,T "* P *™ eS eMin * & *™ area * *- 0.025^? 

account for at least 70% of the total gra.n projected area and organic silver salt particles exhibiting a grain projected 
area of not less than 0.2^ account for not more than 10% of thetotalgrain projected area.mS^ 

thereof 0r9an,C ^ 9ra ' nS h Se ^ e eM °' ^ in a nomogenius SZZ 

C ° nd , iti0nS f0f Preparin9 thS ' ight S6nsitive emu,sion havin 9 such a feat "fe are not speciffcalkr limited but 
include, for example. m,x,ng at the time of forming an alkali metal soap of an organic acid and/or mixinc Z the Se o 

n trate, the use of a med.a d.spers.ng machine or a high pressure homogenizer for dispersing pulverization wherein 
d.spers,on is conducted preferab^ in a binder content of 0.1 to 10% by weight, based o I ^organic S sah The 
d,spers,on .nclud.ng the preliminary d^persion is carried out preferabty at a tLperature of not SS^^f^ 
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a dissolver, as a stirrer is preferably operated at a circumferential speed of at least 2.0 m/sec. 
[0138] The projected area of organic silver salts grain having a specified projection area and the desired proportion 
thereof, based on the total grain projection area can be determined by the method using a transmission type electron 
microscope (TEM) in a similar manner, as described in the determination of the average thickness of tabular grains 
having an aspect ratio of 3 or more. In this case, coagulated grains are regarded as a single grain when determining 
the grain area (AREA). At least 1 000 grains, and preferably at least 2000 grains are measured to determine the area 
and classified into three groups, i.e., A: less than 0.025 urn 2 , B: not less than 0.025 ujti 2 and less than 0.2 u.m 2 and C: 
more than 0.2 ujti 2 In this invention, it is preferable that the total projected area of grains falling within the range of 
"A" accounts for at least 70% of the projected area of the total grains and the total projected area of grains falling within 
the range of "C" accounts for not more than 1 0% of the projected area of total grain. 

[0139] The organic silver salt grains used in this invention are preferably monodisperse. The degree of monodisper- 
sion is preferably 1 to 30% and monodisperse particles in this range lead to the desired high density images. The 
degree of monodispersion is defined as below: 



Degree of monodispersion = (standard deviation of particle size) / (average particle size) x 100 (%). 

The average particle size of organic silver salt is preferably 0.01 to 0.8 and more preferably 0.05 to 0.5 urn The 
particle size refers to the diameter of a circle having an area equivalent to the projected area of the particle (i.e., circular 
equivalent diameter). 

[0140] To prevent hazing of the light sensitive material, the total amount of silver halide and organic silver salHs 
preferably 0.5 to 2.2 g in equivalent converted to silver per m 2 , thereby leading to high contrast images. 
[0141] The thermally developable photosensitive material (hereinafter, also referred to as photothermographic ma- 
terial), which forms images upon thermal development, comprises a reducible silver source (such as an organic silver 
salt), light sensitive silver halide, reducing agent and optionally an image toning agent to modify silver image color, 
which are dispersed in an (organic) binder matrix. The photothermographic material is stable at ordinary temperatures! 
which is developed, after exposure, upon heating at a high temperature (e.g., 80to 140° C). On heating, silver is formed 
through oxidation-reduction reaction between the organic silver salt (which acts as an oxidant) and the reducing agent. 
The oxidation-reduction reaction is catalyzed by silver latent images formed upon exposure to light. Silver formed by 
reaction of the organic silver salt in exposed areas provides a black image in contrast to non-exposed areas, forming 
images. This reaction process proceeds without supplying processing solution such as water from the exterior. 
[0142] Image toning agents are preferably incorporated into the photothermographic material used in the present 
invention. Examples of preferred image toning agents are disclosed in Research Disclosure Item 17029, and include 
the following: 

imides (for example, phthalimide), cyclic imides, pyrazoline-5-one, and quinazolinone (for example, succinimide, 
3-phenyl-2-pyrazoline-5-on, 1-phenylurazole, quinazoline and 2,4-thiazoiidione); naphthalimides (for example, N-hy- 
droxy-1 ,8-naphthalimide); cobalt complexes (for example, cobalt hexaminetrifluoroacetate), mercaptans (for example, 
3-mercapto-1 ,2,4-triazole); N-(aminomethyl)aryldicarboxyimides [for example, N-(dimethylaminomethyl)phthalimide]| 
blocked pyrazoles, isothiuronium derivatives and combinations of certain types of light-bleaching agents (for example 
combination of N,N'-hexamethylene(1 -caroamoyl-3,5-dimethylpyrazole), 1 ,8-(3,6-dioxaoctane)bis-(isothiuroniumtrif- 
luoroacetate), and2-(tribromomethyl-sulfonyl)benzothiazole; merocyanine dyes (for example, 3-ethyl-5-((3-etyl-2-ben- 
zothiazolinylidene-(benzothiazolinylidene))-1-methylethylidene-2-thlo-2,4-oxazolidinedione); phthalazinone 
phthalazinone derivatives or metal salts thereof (for example, 4-(1 -naphthyl)phthalazinone, S^hlorophthalazinone, 
5,7-dimethylphthalazinone, and 2,3-dihydro-1 ,4-phthalazinedione); combinations of phthalazinone and sulfinic acid 
derivatives (for example, 6-chlorophthalazinone and benzenesulfinic acid sodium, or 8-methylphthalazinone and p- 
tnsulfonic acid sodium); combinations of phthalazine and phthalic acid; combinations of phthalazine (including phthala- 
zine addition products) with at least one compound selected from maleic acid anhydride, and phthalic acid, 2,3-naph- 
thalenedicarboxylic acid or o-phenylenic acid derivatives and anhydrides thereof (for example, phthalic acid, 4-meth- 
ylphthalic acid, 4-nitrophthalic acid, and tetrachlorophthalic acid anhydride); quinazolinediones, benzoxazine, naph- 
thoxazine derivatives, benzoxazine-2,4-diones (for example, 1 ,3-benzoxazine-2,4-dione); pyrimidines and asymmetry- 
tnazines (for example, 2,4-dihydroxypyrimidine), and tetraazapentalene derivatives (for example, 3,6-dimercapto- 
1,4-diphenyl-IH,4H-2,3a,5,6a-tatraazapentalene). Preferred image color control agents include phthalazone or 
phthalazine. 

[0143] Antifoggants may be incorporated into the photothermographic material to which the present invention is 
applied. The substance which is known as the most effective antif oggant is a mercury ion. The incorporation of mercury 
compounds as the antifoggant into photosensitive materials is disclosed, for example, in U.S. Patent 3,589,903. How- 
ever, mercury compounds are not environmentally preferred. As mercury-free antifoggants, preferred are those anti- 
foggants as disclosed in U.S. Patent 4,546,075 and 4,452,885, and P-A 59-57234. Particularly preferred mercury-free 
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25 



rm^i in *h " ! 5,028,523, and European Patent 600,587; 605,981 and 631 176 

bonates described in U.S. Pat. No. 3 022 169 3,079,257, etc.; and polycar- 

(Standard deviation of particle diameter) / (average particle diameter) x 100 

more preferably 70 to 180 urn pTOncaMy P rererred - Th * thickness of the support is preferably 50 to 300 M m, and 

ST a conSXrpZe^ be E^tST*? "T?' 8 C ° ndUCtin9 « SUCh aS a «"* 
any layer. P^^^TSKJ " be int0 

[0152] The coating method of the light sensitive layer, protective layer and backing layer is not specfflcally limited. 
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Coating can be conducted by any method known in the art, including air knife, dip-coating, bar coating, curtain coating, 
and hopper coating. Two or more layers can be simultaneously coated. As a solvent for coating solution are employed 
organic solvents such as methyl ethyl ketone (also denoted as MEK), ethyl acetate and toluene. 
[0153] The photothermographic material according to the invention comprises a support having thereon a light sen- 
sitive layer, and preferably further on the light sensitive layer having a non-photosensitive layer. For example it is 
• preferred that a protective layer is provided on the light sensitive layer to protect the light sensitive layer and that a 
back coating layer is provided on the opposite side of the support to the light sensitive layer to prevent adhesion 
between photosensitive materials or sticking of the photosensitive material to a roller. Further, there may be provided 
a filter layer on the same side or opposite side to the light sensitive layer to control the amount or wavelengths of light 
transmitting the thermally developable light sensitive layer. Alternatively, a dye or pigment may be incorporated into 
the light sensitive layer. In this case, dyes described in JP-A 8-201959 are preferably used therein. The light sensitive 
layer may be comprised of plural layers. To adjust contrast, a high-speed layer and low speed layer may be provided 
in combination. Various adjuvants may be incorporated into the light sensitive layer, non-photosensitive layer or other 
component layer(s). 

[0154] The photothermographic material, which is stable at ordinary temperatures, is exposed and heated at a high 
temperature (preferably 80 to 200* C. and more preferably 100 to 150* C) to undergo development. In cases when 
heated at a temperature of lower than 80° C, sufficient image density can be obtained within a short time. Further in 
cases when heated at a temperature of higher than 200° C, a binder melts and is transferred to a roller, adversely 
affecting not only images but also transportability and a developing machine. The organic silver salt (functioning as an 
oxidant) and the reducing agent undergo oxidation-reduction reaction upon heating to form silver images. The reaction 
process proceeds without supplying any processing solution such as water. 

[0155] Any light source within the infrared region is applicable to exposure of the photothermographic material and 
infrared semiconductor lasers (780 nm, 820 nm) are preferred in terms of high power and transmission capability 
through the photosensitive material. 

[0156] In the invention, exposure is preferably conducted by laser scanning exposure. It is also preferred to use a 
laser exposure apparatus, in which scanning laser light is not exposed at an angle substantially vertical to the exposed 
surface of the photosensitive material. The expression "laser light is not exposed at an angle substantially vertical to 
the exposed surface" means that laser light is exposed preferably at an angle of 55 to 88°, more preferably 60 to 86° 
still more preferably 65 to 84, and optimally 70 to 82°. When the photosensitive material is scanned with laser light' 
the beam spot diameter on the surface of the photosensitive material is preferably not more than 200 jim, and more 
preferably not more than 1 00 jim. Thus, the less spot diameter preferably reduces an angle displacing from verticality 
of the laser incident angle. The lower limit of the beam spot diameter is 1 0 um The thus laser scanning exposure can 
reduce deterioration in image quality caused by to reflection light, such as occurrence of interference fringe-like une- 
venness. 



[0157] Exposure applicable in the invention is conducted preferably using a laser scanning exposure apparatus 
producing longitudinally multiple scanning laser light, whereby deterioration in image quality such as occurrence of 
interference fringe-like unevenness is reduced, as compared to scanning laser light with longitudinally single mode 
Longitudinal multiplication can be achieved by a technique of employing backing light with composing waves or a 
technique of high frequency overlapping. The expression "longitudinally multiple" means that the exposure wavelength 
is not a single wavelength. The exposure wavelength distribution is usually not less than 5 nm and not more than 10 
nm. The upper limit of the exposure wavelength distribution is not specifically limited but usually about 60 nm. 
[0158] It is preferred that when subjected to thermal development, the photothermographic material contains an 
organic solvent. Examples of solvents include ketones such as acetone, isophorone, ethyl amyl ketone, methyl ethyl 
ketone, methyl isobutyl ketone; alcohols such as methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyi alcohol n- 
butyl alcohol, isobutyl alcohol, diacetone alcohol, cyclohexanol, and benzyl alcohol; glycols such as ethylene glycol 
dimethylene glycol, triethylene glycol, propylene glycol and hexylene glycol; ether alcohols such as ethylene glycol 
monomethyl ether, and dimethylene glycol monomethyl ether; ethers such as ethyl ether, dioxane, and isopropyi ether- 
esters such as ethyl acetate, butyl acetate, amyl acetate, and isopropyi acetate; hydrocarbons such as n-pentane, n- 
hexane, n-heptane, cyclohexene, benzene, toluene, xylene; chlorinated compounds such as chloromethyl, chlorometh- 
ylene, chloroform, and dichlorobenzene; amines such as monomethylamine, dimethylamine, triethanol amine ethyl- 
enediamme, and triethylamine; and water, formaldehyde, dimethylformaldehyde, nitromethane, pyridine, toluidine tet- 
rahydrofuran and acetic acid. The solvents are not to be construed as limiting these examples. These solvents may 
be used alone or in combination. 

[01 59] The solvent content in the photosensitive material can be adjusted by varying conditions such as temperature 
conditions at the drying stage after the coating stage. The solvent content can be determined by means of gas chro- 
matography under the conditions suitable for detecting the solvent. The total solvent content (based on weight) of the 
photothermographic material used in the invention is preferably adjusted to be 5 to 1 ,000 mg per m* of the photother- 
mographic material and more preferably 100 to 500 mg/m* (based on the weight of constituting components of the 
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photosensitive material, except for a support). The solvent content within the range described above leads to a oho 
tothermographic material with low fog density as well as high sensitivity. P 

EXAMPLES 

ErLTEssnsi? Ma ^ " ramp,es M embMime " B 01 ,he - " 

Example 1 

Preparation of a Subbed PET Photographic Support 

[0161] Bothsurfacesofabiaxiallystretchedthermallyfixed 175pm PETfilm, available on the market wassubiected 
to corona discharging at 8 w/n^-min. Onto one side of the film, the subbing coating compositional dLcr^ lEH 

for! T thPu hS .° PP0Site SUrfaCe - the SUbbing coatin 9 imposition b-1 described below was ; 3ed to 
form a dned layer th.ckness of 0.8 pm. The resulting coating was designated Subbing Layer B-1 



Subbing Coating Composition a-1 " " — " " — j 


ZTkTT (S0l, f o 3 ° %)0f a c °P ol V mer co "s^ting of butyl acrylate (30 weight %), t-butyl acrylate (20 

we ig ht%)styrene (25 weight%) and 2-hydroxy ethyl acrylate (25 weight %) 
(C-1) 

Hexamethylene-1,6-bis(ethyleneurea) 
Water to make 


270 g 

06 g 
0.8 g 
1 liter 






Subbing Coating Composition b-1 ~ " " 1 


Latex ,qu,d (solid portion of 30%) of a copolymer consisting of butyl acrylate (40 weight %) styrene (20 
weight %) glycidyl acrylate (25 weight %) a ' 5lyrene ^ 
(C-1) 

Hexamethylene-1,6-bis(ethyleneurea) 
Water to make 


270 g 

0.6 g 
0.8 g 
1 liter 



[0162] Subsequently, the surfaces of Subbing Layers A-1 and B-1 were subjected to corona discharge with 8 w/ 
m'-minule. Onto the Subbing Layer A-1 , the uppersubbing layer coating composition JS^SS^ZSZ 
so as to form a dned layer thickness of 0.8 urn, which was designated Subbing Layer A-2 while 0 
Layer B-1 , the upper subbing layer coating composition b-2 was'applied so a to ^M^SS^S^ 
pm, having a static preventing function, which was designated Subbing Upper Layer B-2 



Upper Subbing Layer Coating Composition a-2 


Gelatin in an amount (weight) to make 


04 g/m* 


(C-1) 


0.2 g 


(C-2) 


0.2 g 


(C-3) 


0.1 g 


Silica particles (av. size 3 pm) 


0.1 g 


Water to make 


1 liter 



Upper Subbing Layer Coating Composition b-2 



(C-4) — 

Latex solution (solid 20% comprising) (C-5) as a substituent 

Ammonium sulfate 

(C-6) 



60 g 
80 g 
0.5 g 
12g 
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(continued) 





Upper Subbing Layer Coating Composition b-2 




Polyethylene glycol (average molecular weight of 600) 


eg 


5 


Water to make 


1 liter 




(C-2) 

20 



25 



30 



(C-3) 

CH^CHCON NCOCH=CH2 

V 

COCH=CH 2 



35 

(C-4) 



^ COOH COOH 



SGfeNa 

45 

(Mn is a number average molecular weight) 
x:y = 75:25 (weight ratio) 

50 



55 
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w 



15 



(C-5) 

^CH 2 -^Hf p -fcH 2 — ^ J*}; 

rj COOH COOC«Hg(n) 

CONHj COOC4H 9 (n) 

p:g:r:s:t = 40:5:10:5:40 (weight ratio) 



20 



(C-6) 



25 



30 



35 



40 



CH2-OCH2— CH-CH2 

V 

HO-CHa-C^CHa 
CH2-OCHr-CH-CH 2 



r 



CH2— OCH2— CH— CH2 

I v 

OH 

CH2-OCH2— CH-^CHj 

N o 



pH2-0-fCH 2 -CH-CH 2 -0-CH 2 -CH-CH 2 -0f CH 2 



CH 2 ' 



T 

OH 



Wr-^CH-CHj 
O 



PV. 



Mixture consisting of the three 
compounds illustrated above 



45 



50 



55 



Coating of Backing Layer-side 

IPPON ink Co . mT^T G,a ^. Co ; Ltd , > and 2 3 9 fluorinated surfactant (Megafag F120K, available from DAIN- 

nf «r MmhHrnft y . y ll,emus P re P ar eaDacking layer coating solution was coated so as to form a drv thickness 
of 3.5 urn by means of an extrusion coater and dried at a drying temperature of 100- C and a dew pit omS ' C 
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[0164] 



Preparation of Light-sensitive Silver Halide Eulsion A 


Solution A1 


Phenylcarbamoyl gelatin 


88.3 g 


Compound (A) (10% methanol solution) 


10 ml 


Potassium bromide 


032 g 


Water to make 


5429 ml 


Solution B1 


0.67 mol/l Aqueous silver nitrate solution 


2635 ml 


Solution C1 


Potassium bromide 


51.55g 


Potassium iodide 


147 g 


Water to make 


660 ml 


Solution D1 


Potassium bromide 


154.9 g 


Potassium iodide 


4.41 g 


Iridium chloride (1% solution) 


0.93 ml 


Water to make 


1982 ml 


Solution E1 


0.4 mol/1 aqueous potassium bromide solution 


Amount necessary to adjust silver potential 


Solution F1 


Potassium hydroxide 


0.71 g 


Water to make 


20 ml 


Solution G1 


Aqueous 56% acetic acid solution 


18 ml 


Solution H1 


Anhydrous sodium carbonate 


1.72 g 


Water to make 


151 ml 



Compound (A) HO(CH 2 CH 2 0) n -(CH(CH 3 )CH 2 0) 17 -CH 2 CH 2 0) m H 
(m + n = 5 to 7) 



[0165] Using a stirring mixer described in JP-B 58-58288 and 58-58289, 1/4 of solution B1 f the total amount of 
solution Ct were added to solution A1 by the double jet addition for 4 min 45 sec. to form nucleus grain, while maintaining 

so a temperature of 45° C and a pAg of 8.09. After 1 min., the total amount of solution F1 was added thereto. After 6 min, 
3/4 of solution B1 and the total amount of solution D1 were further added by the double jet addition for 1 4 min 1 5 sec. , 
while mainlining a temperature of 45° C and a pAg of 8.09. After stirring for 5 min., the reaction mixture was cooled to 
40* C and solution G1 was added thereto to coagulate the resulting silver halide emulsion. Remaining 2000 ml of 
precipitates, the supernatant was removed and after adding 10 lit. water with stirring, the silver halide emulsion was 

55 again coagulated. Remaining 1500 ml of precipitates, the supernatant was removed and after adding 10 lit. water with 
stirring, the silver halide emulsion was again coagulated. Remaining 1500 ml of precipitates, the supernatant was 
removed and solution H1 was added. The temperature was raised to 60° c and stirring continued for 120 min. Finally, 
the pH was adjusted to 5.8 and water was added there to so that the weight per mol of silver was 1161 g, and light- 
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w 



15 



sensitive silver halide emulsion A was thus obtained. It was proved that the resulting emulsion was comprised of 
monodisperse silver lodobromlde cubic grains having an average grain size of 0.058 un,, a coefficient of variation o 
grain size of 12% and a [100J face ratio of 92%. vananon or 

thuS *** red emulsion A was heat ^ to a temperature of 50' C, then, the following infrared sensitizing 
dye solution was added ,n an amount of 100 ml per mol of silver and after 30 min., organic sensitizer C-1 was furtner 
added ,n an amount of 2x10-3 mo , Ag mo| and ripening Wfis conducted for ^ £ und ^,™^™^ 

'T <Z T n - Thereafter> 10 the * inBd emuteion ' an a " ueous «> ™" Pot^um brom de soSn was 
added to adjust the pAg to 10 and the pH was adjusted to 4 wrth an aqueous 0.5 Lin sulfuric acid LTufon AftS 

g of phenoxyethanol was added and the pH and pAg were adjusted to 5.9 and 7.5, respectively to obtain chemicalfv 
sensitized l.ght-sensitive silver halide emulsion A (C-1). Separately, the emulsion, A was ripened wZut aSZt e 
organ.c sensifzer. The resulting emulsion was denoted as emulsion AO, as a comparative emulsion 

Preparation of Infrared-sensitizing Dye Solution A 

solution A 9 2<hl ° r0ben2O,C acid were dissolved * ™thanol in a dark room to obtain an infmred sensing dye 



Preparation of Powdery Organic Silver Salt A (C-1 ) 

[0168] In 4720 ml water were dissolved at 80« C 130.8 g of behenic acid, 67.7 g of arachidic acid 43 6 a of stearic 
adding 6.9 ml of concentrated mine acid, the solution was cooled to a temperature of 55' C to obtain an aaueous 

<C 9 Z£lt ! Um , Salt S ? ti0n - T ° ,h6 S °' Uti0n W6re add6d 45 3 9 ° f ,he ™«* emufeion obta ned above A 
quentlv 70?6 m TZ 7 COntinued for 5 • -Stained at a temperature of 55- C ^ Subse 

quently 702.6 ml of 1M aqueous silver nitrate solution was added in 2 min. and stirring continued further for 10 min 
to obtain an organs s.lver salt dispersion. The obtained cyanic sHver salt dispersion was put into a washing vessel 
and deiomzed wwater was added with stirring. Thereafter, the dispersion was allowed to stand and s^pTate ftoa, o 
the organ* s.lver saft dispersion from the reaction mixture to remove the lower soluble Ji^STSSSlJ 
de.on.zed water and f.ltration were repeated until the fittrate reached a conductivity of 2 uS/cm and after subSna o 
tvr!^ i^^^ cake-like organic silver salt was dried in a nitrogen gas atmosphere employing a^wsstro^am 

i H (aVai,ab ' e ,r ° m SE,SHIN K,GY ° C °- Ltd ) Until reached 9 mois ^ contend iTpowZ 
organic silver salt A (C-1 ) was thus obtained. The moisture content was measured employing an infrared aquameteT 

Preparation of Powdery Organic Silver Salt B (C-1) 

SJ^^2£?« 4M aqueous sodium hydroxide so,u,ion with stirrin * the so,uti °" — 2" 

tempera ure of 40 C to obtain an aqueous organic acid sodium salt solution. To the solution were added 45 3 a of the 
T f J? ab0V6 ' A (C " 1) and 450 m ' W3ter and sti ™9 further contin ed for 5 mm while mat 

^^JSZ^il^ 11 ^^ ^ Pr0CedUre W3S C ° ndUCted in 3 ™ similar to the pCamtl of 
organic silver salt A (C-1) to obtain powdery organic silver salt B (C-1). H 

Preparation of Powdery Organic Silver Salt C (C-1) 

[0170] Powdery organic silver salt C (C-1 ) was prepared in a manner similar to powdery organic silver salt A(C1> 
prov,ded that light sensitive sifver halide emuteion AO added in place of light mJSSS^SLlSS A 

so Preparation of Preliminarily-dispersed Solution A (C-1 ) 

[0171] In 1457 g methyl ethyl ketone was dissolved 14.57 g of polyvinyl butyral powder (Butvar B-79 available from 



25 



30 



35 



40 



45 
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Preparation of Preliminarily-dispersed Solution B (C-1) 

[0172] Preliminary dispersion B (C-1 ) was prepared similarly to preliminary dispersion A (C-1 ), provided that powdery 
organic silver salt A (C-1) was replaced by powdery organic silver salt B (C-1). 

5 

Preparation of Preliminarily-dispersed Solution C (C-1) 

[01 73] Preliminary dispersion C (C-1 ) was prepared similarly to preliminary dispersion A (C-1 ), provided that powdery 
organic silver salt A (C-1 ) was replaced by powdery organic silver salt C (C-1). 

10 

Preparation of Light-sensitive Emulsion dispersing Solution 1 

[0174] Preliminary dispersion A (C-1) was supplied to a media type dispersion machine, DISPERMAT SL-C12EX 
(available from VMA-GETMANN Corp.), which was packed 0.5 mm in diameter Zirconia beads (available from Toray 
is Co. Ltd.) by 80%, and dispersed at a circumferential speed of 13 m for 1 0 min. of a retention time in the mill to obtain 
light sensitive emulsion dispersing solution 1 . 

Preparation of Light-sensitive Emulsion dispersing Solution 2 

20 [01 75] Preliminary dispersion A (C-1 ) was supplied to the dispersing machine used in the preparation of light sensitive 
emulsion-dispersing solution 1 and dispersed at a circumferential speed of 13 m for 3 min. of a retention time in the 
mill to obtain light sensitive emulsion dispersing solution 2. 

Preparation of Light-sensitive Emulsion dispersing Solution 3 

25 

[0176] Using pressure homogenizer type GM-2 (available from S.M.T. Corp.), Preliminary dispersion A (C-1) was 
subjected to two-pass dispersion to obtain light sensitive emulsion dispersing solution 3, in which the treatment pressure 
at the first pass was 27.46 MPa and that of the second pass was 54.92 MPa. 

30 Preparation of Light-sensitive Emulsion dispersing Solution 4 

[01 77] Preliminary dispersion B (C-1 ) was supplied to the dispersing machine used in the preparation of light sensitive 
emulsion-dispersing solution 1 and dispersed at a circumferential speed of 13 m for 3 min. of a retention time in the 
mill to obtain light sensitive emulsion dispersing solution 4. 

35 

Preparation of Light-sensitive Emulsion dispersing Solution 5 

[0178] Using pressure homogenizer type GM-2 (available from S.M.T. Corp.), Preliminary dispersion B (C-1) was 
subjected to two-pass dispersion to obtain light sensitive emulsion dispersing solution 5, in which the treatment pressure 
40 at the first pass was 27.46 MPa and that of the second pass was 54.92 MPa. 

Preparation of Light-sensitive Emulsion dispersing Solution 6 

[0179] Light sensitive emulsion dispersing solution 6 was prepared similarly to light sensitive emulsion dispersing 
45 solution 1 , provided that preliminary dispersion A (C-1) was replaced by preliminary dispersion C (C-1 ). 

Preparation of Stabilizer Solution 

[0180] In 4.97 g of methanol, 1.0 g of stabilizer 1 and 0.31 g of potassium acetate were dissolved to obtain a stabilizer 
so solution. 

Preparation of Infrared-sensitizing Dye Solution B 

[01 81] Infrared sensitizing dye No. S-43 of 1 9.2 mg, 1 .488 g of 2-chlorobenzoic acid,2.779 g of stabilizer 2 and 365 
55 mg of 5-methyl-2-mercaptobenzimidazole were dissolved in 31 .3 ml of MEK in a dark room to obtain an infrared sen- 
sitizing dye solution B. 
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Preparation of Additive Solution a 

5 

Preparation of Additive Solution b 
[0183] Antifogganto^^ 
w Preparation of coating solution of light sensitive layer 

[0184] The light-sensitive emulsion-dispersing solution 1 of 50 g and 15.11 g MEK were maintained at 21 • c with 

En In i e n«i ,? ? P u,' yVinyl bUtyra ' (ButVar B ' 79 ' available from Mons ^to Corp.) was added thereto and 
after 30 mm. 1.084 g of tetrachlorophthalic acid (9.4% by weight MEK solution) was added Then 1^00" additive 

4 27 T« J£T ° f TT* iS0Cyanate ' DeSm ° dUr N33 "' aVailable from Move V Cof P < SS ME^ioTand 
4.27 g og add,t,ve solution b were successively added thereto to obtain light sensitive layTr coating soluton 

Preparation of Matting Agent Dispersion 

g of MEK, then, 5 g of calc.um carbonate (Super-Pflex 200, available from Specility Mineral Com ) was adL th e »io 
and d,s Pere ed us.ng a dissever type homogenizer at 8000 rpm for 30 min to'obtaTn a JSS^Sn^Sn 

Preparation of Protective Layer Coating Solution 

30 { !? B ?l> 1° 86 | 9 ° f m6thyl 6thyl ket0ne Were added with stirrin 9 96 9 of cellulose acetate butyrate (CAB1 71 15 
ava.labte from Eastman Chemical Co.), 4.5 g of polymethyl methacrylate (Paraloid A-21 ava able Tro^ Rohm ThIL 
C«p.) Further thereto were added and dissofced 1 .5 g of vinyteuie compound ^T^J^S^Z 
1 .0 g of fluonnated surfactant (Surflon KH40, available from AS AH I Glass Co Ltd \ rJn ™ n Z °. enzot " azole and 

m dispersion was further added thereto to obtain a coating Z^^Z^^^ * ,he ^ 

Stabilizer 1 



15 



20 



40 



45 



50 
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Antifoggant 1 




HBr Br 2 



Antiffogant 2 



a 



N ^S0 2 CBr 3 



Infrared dye 



C2H 5 OOC v 



CH-NH 



I 



C 2 H 5 OOC 



.CH-NH 




/JOOC^Hs 



COOC 2 H 5 



Vinylsulfon compound (HD-1) 

OH 

CH 2 =CHS0 2 CH 2 CHCH 2 S0 2 CH=CH 2 



Light-sensitive Layer Coating 

[0188] Coating solutions of the light sensitive layer and surface protective layer were simultaneously coated using 
an extrusion coater so that the silver coverage of the light sensitive layer was 1 .9 g/m 2 and the dry thickness of the 
surface protective layer was 2.5 urn. Drying was conducted with hot air at a drying temperature of 75° C and a dew 
point of 10* C for 10 min to obtain a photothermographic material sample No. 1 . 

[0189] Photothermographic material samples No. 2through 6 were prepared similarly to photothermographic material 
sample No. 1 , provided that light sensitive emulsion dispersing solution 1 was replaced by light sensitive emulsion 
dispersing solution 2 to 6. 



EP 1 132 767 A2 

Exposure and processing 

mwmmmmm 

thermographic material was subjected to thermal development at 1 1 pcSS^Z I u P P ° t0 " 
surface of the photothermographfc materia, into i^S'S S'SSTdS? 

opment were conducted in an atmosphere of 23' C and 50% RH Th* ^^f^' Exposure and themrial devel " 

Measurement of Degree of Monodispersity 

Measurement of Solvent Content of Film 
SaoM 6 r^ 

septum and aluminum -p a^^ T.T" ^ P3Cked W * h 

nected to gas chromatography (GC) HeSackaT^e sT 7 Br J ^f! C ° >' WhiCh WaS COn " 

tron^cTor^ 

^?:^^^^ c - of DB - 624 (avaiiab,e from j & * - d 

Evaluation of Average Needle Ratio of Organic Silver Salt Grains 

Ctiontvt 8 rZ sTooh is%:x^£ M r by H N,ppon Denshi co) - a — 

was observed at an aLleraZ ^Iqe of 2 0 «S „' T f mp °y ed as an FE "SEM. and each sample 
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Table 1 



Sample No. 


Average of 
Needle Ratio 


Monodispersity 
(%) 


Solvent 
Chemical 
Content (mg/ 
m 2 ) 


Sensititivity 
zation 


Sensi- 


Fog 


Remark 


1 


1.5 


19 


32 


Ypq 

ICO 


(COO 


ft 0"7 


i nw 
inv. 


2 


3.5 


29 


38 


Yes 


278 


0.20 


Inv. 


3 


5.4 


33 


40 


Yes 


260 


0.22 


Inv. 


4 


8.2 


40 


55 


Yes 


255 


0.25 


Inv. 


5 


11.5 


46 


53 


Yes 


200 


0.46 


Comp. 


6 


3.4 


28 


40 


No 


100 


0.20 


Comp. 



[0195] As can be seen from Table 1 , inventive samples exhibited low fog density as well as enhanced sensitivity 
relative to comparative samples. 



Example 2 

[0196] Photothermographic material samples No. 21 through 25 were prepared in a manner similar to Example 1 , 
provided that light sensitive emulsion dispersing solutions 21 through 25 described below were used. 

Preparation of Light-sensitive Emulsion dispersing Solution 21 

[0197] Preliminary dispersion A (C-1) was supplied to a media type dispersion machine, DISPERMAT SL-C12EX 
(available from VMA-GETMANN Corp.), which was packed 0.5 mm in diameter Zirconia beads (available from Toray 
Co. Ltd.) by 80%, and dispersed at a circumferential speed of 13 m for 3 min. of a retention time in the mill to obtain 
light sensitive emulsion dispersing solution 21 . 

Preparation of Light-sensitive Emulsion dispersing Solution 22 

[0198] Using pressure homogenizer type GM-2 (available from S.M.T. Corp.), Preliminary dispersion A (C-1) was 
subjected to two-pass dispersion to obtain light sensitive emulsion dispersing solution 3, in which the treatment pressure 
at the first pass was 27.46 MPa and that of the second pass was 54.92 MPa. 

Preparation of Light-sensitive Emulsion dispersing Solution 23 

[0199] Light sensitive emulsion dispersing solution 23 was prepared similarly to light sensitive emulsion dispersing 
solution 22, provided that MEK used for preparation of preliminary dispersion A (C-1) was supplied to the dispersing 
machine used in the preparation of light sensitive emulsion-dispersing solution 1 and dispersed at a circumferential 
speed of 13 m for 3 min. of a retention time in the mill. 

Preparation of Light-sensitive Emulsion dispersing Solution 24 

[0200] Preliminary dispersion A (C-1) was supplied to a media type dispersion machine, DISPERMAT SL-C12EX 
(available from VMA-GETMANN Corp.), which was packed 0.5 mm in diameter Zirconia beads (available from Toray 
Co. Ltd.) by 80%, and dispersed at a circumferential speed of 13 m for 3 min. of a retention time in the mill to obtain 
light sensitive emulsion dispersing solution 24. 

Preparation of Light-sensitive Emulsion dispersing Solution 25 

[0201] Preliminary dispersion A (C-1) was supplied to a media type dispersion machine, DISPERMAT SL-C12EX 
(available from VMA-GETMANN Corp.), which was packed 0.5 mm in diameter Zirconia beads (available from Toray 
Co. Ltd.) by 80%, and dispersed at a circumferential speed of 13 m for 0.5 min. of a retention time in the mill to obtain 
light sensitive emulsion dispersing solution 25. 
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Projection Area of the Organic Silver Salt Grains 

f°KR 2 rl ^nZT^TT* Ver ! Ca " y t0 the SUPP ° rt emp,0yin9 a microtome < Ultratome N0VA - manufactured by 
Co.) and each sample was observed at an acceleration voltage of 200 kV in such a manner that a visual field 
was selected -n wh.ch at least 1 ,000 organic silver grains were present. Negative image was converted to a digtta. 
image with resolution 600 dpi through a scanner, and was subjected by image processing employing Type LUZeH 
(manufactured by N.reko Co.), and histogram of projection area of grains were generated, subsequently the proportion 
of grains hav.ngproject.on area of not more than 0.025 urn* and the proportion of grains having projection area of not 
less than 0.2 (im2 were calculated. Results thereof are shown in Table 2 

[0203] The solvent content, degree of monodtepersity, sensitivity and fog density were each measured and results 
there of are also shown in Table 2 The solvent contents of photothermographic material samples No. 21 through 25 
were wrth.n the range of 32 mg/m* to 75 mg/m*. Effects of these solvent contents on characteristics of thermal deve! 
opment of the photothermographic material can be regarded as substantially the same and in fact, no difference was 
observed with respect to effects on photographic performance. 



Sample 
No. 


Average of 
Needle 
Ratio 


Degree of 
Monodis- 
Content 
persity 
(%) 


Solvent 
(mg/m*) 


Projection 
Area Ratio 
(%)* 


Chemical 
Sensitization 


Sensitivity 


Fog 


Remark 


21 


3.5 


19 


32 


80/7 


Yes 


165 


0.19 


Inv. 


22 


5.4 


28 


40 


75/9 


Yes 


155 


0.23 


Inv. 


23 


5.4 


29 


75 


65/20 


Yes 


145 


0.24 


Inv. 


24 


5.4 


32 


64 


62/25 


Yes 


142 


0.26 


Inv. 


25 


10.1 


40 


60 


40/32 


Yes 


100 


0.40 


Comp. 



area of not 



TrOiW 01 9ralnS haV ' ng " Pn>eCa0n 8rea °' "* m ° re than 0 025 ^ < % * P"" ortto " °< "av.ng an p reJ ectton 



SSL "c^SZZS^ 2 ' invent " e samples exhibrted ,ow fog density as we » as enha - d — * 

Example 3 

!hf™ Phot °. 9ra P' licm K at i er ialsamplesNo. 101through113werepreparedinamannersimilartoExample1, provided 
thatl.ghtsen S .t W es,lverhal.deemul S ionAwas chemically sensitized with an organic sensitizer, and an image stabilizer 
represented by general formula (1) or (2) or a cross-linking agent represented by general formula (8) (10% MEK 
so ut.on of .60 ml) was incorporated into the light sensitive layer, as shown in Table 3. In Sample 101 to 103 silver 
hahde emulsion A was not subjected to chemical sensitization. 

Table 3 



Sample No. 


Organic Sensitizer 


Additive 


Remark 


Cross-linking agent (mg) 


Image Stabilizer (mg) 


101 








Comp. 


102 




HDI+HD-1 (200+50) 




Comp. 


103 




HDI+HD-1 (200+50) 


BI-4 (2500) 


Comp. 


104 




HDI+HD-1 (200+50) 


1-1 (300) 


Comp. 


105 


C-1 






Inv. 


106 


C-1 


HDI+HD-1 (200+50) 




Inv. 


107 


C-1 


HDI+HD-1 (200+50) 


BI-4 (2500) 


Inv. 
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Table 3 (continued) 



Sample No. 


Organic Sensitizer 


Additive 


Remark 


Cross-linking agent (mg) 


Image Stabilizer (mg) 


108 


C-1 


HDI+HD-1 (200+50) 


1-1 (300) 


Inv. 


109 


C-3 


HDI+HD-1 (200+50) 


1-1 (300) 


Inv. 


110 


C-4 


HDI+HD-1 (200+50) 


1-1 (300) 


Inv. 


111 


C-5 


HDI+HD-1 (200+50) 


1-1 (300) 


Inv. 


112 


C-31 


HDI+HD-1 (200+50) 


1-1 (300) 


Inv. 


! 113 


C-32 


HDSI+HD-1 (200+50) 


1-1 (300) 


Inv. 



[0206] In Table 3 r the term, HDI and HDSI means hexamethylene diisocyanate and hexamethylene dithioisocyanate, 
respectively. 

Raw stock stability 

[0207] Phtothermographic material samples were each allowed to stand for 1 0 days under the following condition A 
or B, and then, subjected to exposure and thermal development. Obtained images were subjected to densitomery. The 
difference in minimum density (Dmin) between conditions A and B, i.e., Dmin (B) - Dmin(A) was determined as a 
measure of raw stock stability of photothermographic materials. Results are shown in Table 4. 

Condition A : 25° C, 55% RH (aging A) 
Condition B : 40° C, 80% RH (aging B) 

Image storage stability 

[0208] Photothermographic material samples were also allowed to stand for 10 days under the above-described 
condition A and subjected to exposure and thermal development. Further, after being allowed to stand for 7 days in 
an atmosphere of 25° C and 55% RH under fluorescent lamp, thermally developed samples were evaluated with respect 
image color tone, based on the following criteria: 

5: No problem in image tone, 

4: No problem in image tone for practical use, 

3: Slightly yellowish tone but acceptable tone, 

2: Unpleasant tone and problem in image tone 

1 : Marked variation in tone and unacceptable in practical use. 



Table 4 



Sample No. 


Aging A (10 days) 


Raw Stock Stability 


Image storage Stability 


Remark 


Fog 


Sensitivity 


101 


0.45 


100 


0.40 


1 


Comp. 


102 


0.27 


118 


0.26 


2 


Comp. 


103 


0.09 


. 124 


0.09 


5 


Comp. 


104 


0.08 


122 


0.10 


5 


Comp. 


105 


0.48 


230 


0.43 


1 


Inv. 


106 


0.29 


268 


0.29 


2 


Inv. 


107 


0.10 


270 


0.13 


5 


Inv. 


108 


0.09 


275 


0.12 


5 


Inv. 


109 


0.11 


269 


0.13 


5 


Inv. 
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Table 4 (continued) 



Sample No. 


Aging A (10 days) 


Raw Stock Stability 


Image storage Stability 


Remark 


Fog 


Sensitivity 


110 


0.12 


265 


0.13 


5 


Inv. 


111 


0.10 


260 


0.12 


5 


Inv. 


112 


0.14 


290 


0.15 


5 


Inv. 


113 


0.15 


285 


0.15 


5 


Inv. 



[0209J It was further proved that when the silver halide emulsion was similarly subjected to chemical sensitization 
under the condition that pyridinum perbromide hydrobromide, a an oxidizing agent was concurrently present, the sen- 
sitivity was 60% of the case of no such an oxidizing agent being present, and reproducibility of sensitivity was unac- 
ceptable levels in practical use. 

[021 0] As can be seen from Table 4, inventive samples exhibited enhanced sensitivity, lower fog density and superior 
raw stock stability. It is specifically noted that the use of a cross-linking agent and image stabilizer led to further super 
results with respect to sensitivity, fog density and image storage stability. 

Example 4 



[0211] Photothermographic material samples 201 through 213 were prepared in a manner similar to Example 3 
provided that an image stabilizer of general formula (1) or (2), and cross linking agents, epoxy compound of general 
formula (9) and acid anhydride were used, as shown in Table 5. 



Table 5 



Sample No. 


Organic Sensitizer 


Additive 


Remark 


Cross-linking agent (mg) 


Image Stabilizer (mg) 


201 




EP-1+B-11 (200+50) 




Comp. 


202 


C-1 


EP-1+B-11 (200+50) 




Inv 


203 


C-1 


EP-1+B-11 (200+50) 


BI-4 (2500) 


Inv. 


204 


C-1 


EP-1+B-11 (200+50) 


I-33 (300) 


Inv. 


205 


C-1 


EP-9+B-11 (200+50) 


BI-4 (2500) 


Inv. 


206 


C-1 


EP-9+B-11 (200+50) 


1-33 (300) 


Inv. 


207 


C-3 


EP-1+B-11 (200+50) 


I-33 (300) 


Inv. 


208 




EP-1+B-11 (200+50) 


I-33 (300) 


Inv. 


209 


C-5 


EP-1+B-11 (200+50) 


I-33 (300) 


Inv. 


210 


C-31 


"EP-1+B-11 (200+50) 


I-33 (300) 


Inv. 


211 


C-32 


EP-1+B-11 (200+50) 


I-33 (300) ! 


Inv. 


212 


C-3 


EP-9+B-11 (200+50) 


1-1 (300) 


Inv. 


213 


C-3 


EP-9+B-11 (200+50) 


I-33 (300) 


Inv. 



[0212] Similarly to Example 3, the photothermographic material samples were evaluated with respect to raw stock- 
stability and image storage stability. Results thereof are shown in Table 6. In the Table, sensitivity is represented by a 
relative value, based on the sensitivity of Sample No. 201 being 1 00. 



94 



EP1 132 767 A2 

Table 6 



Sample No. 


Aging A (7 days) 


Raw Stock Stability 


Image storage Stability 


Remark 


Fog 


Sensitivity 


201 


0.36 


100 


0.34 


1 


Comp. 


202 


0.38 


235 


0.39 


3 


Inv. 


203 


0.10 


273 


0.12 


5 


Inv. 


204 


0.10 


270 


0.12 


5 


Inv. 


205 


0.11 


269 


I 0.12 


5 


Inv. 


206 


0.12 


275 


0.13 


5 


Inv. 


207 


0.12 


272 


0.13 


5 


Inv. 


208 


0.12 


263 


0.13 


5 


Inv. 


tuy 


0.11 


265 


0.12 


5 


Inv. 


210 


0.15 


293 


0.16 


5 


Inv. 


211 


0.15 


280 


0.17 


5 


Inv. 


212 


0.11 


270 


0.12 


5 


Inv. 


213 


0.12 


273 


0.13 


5 


Inv. 



[0213] As can be seen from Table 6, inventive samples exhibited enhanced sensitivity, lowerfog density and superior 

m v s specifica,,y noted ,hat the use ° f a cross - ,inkin 9 ««* and sss^z 

results with respect to sensihvity, fog density and image storage stability. 



Claims 

1. A photothermographic material comprising on a support a light sensitive layer containing an organic silver salt 

SZZZS? ha " de 9rahS 3 Wherei " ,h6 °^ aniC si * er salt com P ris - tabular organi^ 

salt grams existing an average needle ratio of not less than 1 .1 and less than 1 0.0, the light sensitive silver halide 

grams havmg been subjected to chemical sensitization. sensmve silver nai.de 

2. The photothermographic material of claim 1 , wherein the tabular grains exhibit an aspect ratio of not less than 3 
accountmg for at least 50% by number of total organic silver salt grains. ' 

3. The photothermographic material of claim 2. wherein the tabular grains exhibit an aspect ration of 3 to 20. 

4 ' Iflfnh t ?r ,09raPhi K material ° f Cla,m 1 ' Wherein When a cross sec,ion vertical to the surface of the support 

^X!ZSSS°. T terial is obse,ved by an e,ectron microscope - not ,ess than 70% of total 

Si^TSJ^T!,^'! aCC0Unt6d f ° r by 9fainS haVi " 9 3 9rain ™ eClGd area of ,ess 0.025 

51 ll^SSS^ST 1 " wherein the chemfeal sensftization is performed using an 

6 ' I?ufur°!°im r T 0 T PhiC m f teria ' ° f C ' aim 5 ' Wherei " thS ChalC09en atom is selected fram the group consisting of 
a sulfur atom, a selenium atom and tellurium atom. 

? ' IxTdizmt 0 agenT 09raPh,C °' ^ Wh6rein sensitization is P^ormed in the absence of an 

8. The photothermographic materia, of claim 5, wherein the organ* sensitizer is a compound containing a group 
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promoting adsorption onto silver halide and a labile chalcogen atom site. 

9. The photothermographic material of claim 5, wherein the chalcogen atom is linked to a carbon atom by a double 
bond. 

10. The photothermographic material of claim 5, wherein the organic sensitizer is represented by the following formula 

(C): 



formula (C) 



+V+ 



(W 2 ) B 



ml 



(wV 



wherein A 1 represents an atomic group containing a group for promoting adsorption onto silver halide; L 1 represents 
a bivalent linkage group; Z 1 represents an atomic group containing a labile chalcogen atom site; W 1 , W 2 and W 3 
each represent a carboxylic acid group, a sulfonic acid group, sulfinlc acid group, phosphoric acid group, phos- 
phorous acid group or a boric acid group; ml is 0 or 1 ; n1 is an integer of 1 to 3; 11 , 12, and 13 each are an inteqer 



of 0 to 2. 



11. The photothermographic material of claim 5, wherein the organic sensitizer is used in an amount of 10" 8 to 10" 2 
mol per mol of silver halide. 
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